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(54) Catalyst component for addition polymerization, catalyst for addition polymerization, and 
process for producing addition polymer 



(57) A catatyst component for addition polymeriza- 
tion comprising a compound (A) containing an atom of 
Groups 11 to XII or tine Lanthanide series in which the 
lowest energy level of an unoccupied molecular orbital 
having the valence p-type atomic orbital of the atom of 
Groups II to XII or the Lanthanide series as a main com- 



ponent (wherein the coefficient represented by a linear 
combination is 0.4 or more) Is calculated to be 0.008 
atomic unit or less by the density functional calculation 
method, a catalyst for addition polymerization obtaina- 
ble by contacting the same with a specific metal com- 
pound, and a process for producing an addition polymer 
with the catalyst. 
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Description 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

[0001] The present invention relates to a catalyst component for addition polynnerizatjon, a catalyst for addition po- 
lymerization prepared by using the same, and a process for producing an addition polymer. 

10 Description of Related Art 

[0002] Since olefin polymers such as polypropylene and polyethylene are excellent in mechanical properties, chem- 
ical resistance and the like and relatively low cost In view of those properties, they have been widely used for various 
molding fields. These olefin polymers have been produced by polymerizing an olefin using a conventional solid catalyst 
13 (multi-site catalyst) which is obtained by combining a solid catalyst component obtained by using a metal compound 
of the Group IV such as titanium trichloride, titanium tetrachloride or the like, with a metal compound of the Group XIII 
represented by an organoalumlnum compound. 

[0003] A process for producing an addition polymer, which polymerizes an additlon-polymerizable monomer using 
a so-called single site catalyst combining a transition metal compound which is different from a solid catalyst component 

20 having been used from old (for example, a metal locene complex) with an aluminoxane and the like, is recently proposed. 
For example, a process using bls(cyclopentadienyl) zirconium dichlorlde and methyl aluminoxane Is reported in JP-A- 
58-19309. Further, it is reported that a specific boron compound and such transition metal compound are combined. 
For example, a process using bis(cyclopentadienyl) zirconium dimethyl and tri(n-butyl)ammonium tetrakis(pentafluor- 
ophenyl) borate is reported In JP-A-01 -502036. The olefin polymer obtained by using such single site catalyst has a 

25 narrower molecular weight distribution than that obtained by a conventional solid catalyst (multi-site catalyst), and 
further, ^ comonomer is more homogeneously copolymerized in case of a copolymer. Accordingly, it is known that a 
more homogeneous copolymer than a case of using the conventional solid catalyst is obtained. 
[0004] The improvement of such catalyst component for addition polymerization has been intensively studied, and 
the kinds of metals used for main catalyst component are widely reported over the respective Groups of the Periodic 

30 Table. For example, in Angew. Chem. Int. Ed. 38 428 (1999), it reported that a metallocene complex and non-metal- 
Jocene compound of the Group III or Group XIII are effective as the main catalyst component. On the other hand, as 
a co-catalyst component for activation off combining the metallocene complex or non-metallocene compound, an alu- 
minoxane belonging to a compound off the Group XIII, a boron compound and the like are mainly studied. 
[0005] Further, it is also carried out that a preferable Lewis acid catalyst component is prescribed according to the 

35 value of exothermic energy calculated by quantum chemistry calculation, but a component which contains an atom of 
the Groups II to XII is not disclosed(JP-A-05-1 94641). 

SUMMARY OF THE INVENTION 

40 [0006] An objectof the present invention is to provide a catalyst component for addition polymerization consisting of 
a compound containing no element of the Group XIII, which can form a catalyst for addition polymerization revealing 
a high polymerization activity by being used as a co-catalyst component for activation, a catalyst for addition polym- 
erization prepared by using said catalyst component, which reveals a high polymerization activity, and a process for 
producing an addition polymer with said catalyst. 

45 [0007] The present invention relates to a catalyst component for addition polymerization composed of a compound 
of a high Lewis acidity, containing an atom of the Groups II to XII or Lanthanlde series of the Periodic Table of the 
Elements (herein- after, "of the Periodic Table of the Elements" is sometimes omitted), and the compound is selected 
from compounds satisfying a level of a value obtained by quantum chemical calculation, as the Lewis acidity 
[0008] Namely, the compound (A) Is a compound containing an atom of the Group II to the Group XII or Lanthanide 

50 series In which the lowest energy level of the unoccupied molecular orbital having the valence p-type atomic orbital of 
the atom of the Group II to the Group XII as a main component (coefficient represented by linear combination is 0.4 
or more) is calculated to be 0.008 atomic unit(Hartree) or less by the calculation of density functional method (B3LYP/ 
3-21 G level). 

[0009] Further, the present invention relates to a catalyst for addition polymerization obtained by contacting the 
55 catalyst component with a specific metal compound (B), and a process for producing an addition polymer with the 
catalyst for addition polymerization. 

[0010] Further, the present Invention Is illustrated in detail below. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0011] The catalyst component for addition polymerization of the present Invention is a compound containing an 
atom of the Group II to the Group Xli or Lanthanlde series in which the lowest energy level of the unoccupied molecular 
5 orbital having the valence p-type atomic orbital of the atom of the Group II to the Group XII as a main component 
(coefficient represented by a linear combination Is 0.4 or more) is calculated to be 0.008 atomic unit (Hartree) or less 
by the calculation of density functional method (B3LYP/3-21G level). 

[0012] The calculation of the density functional method can be calculated by a known method, for example, a high 
speed computer such as SP2 of IBM Co., Ltd. or the like using a Gaussian 94 program of Gaussian Inc., Ltd. its 

10 calculation level can be selected in accordance with a model to be calculated and the ability of the high speed computer. 
Further, conceming the combination of basis functions representing atomic orbitals of respective atoms, many basis 
sets are stored in the Gaussian 94 program, and these can be also suitably selected in accordance with a model to 
be cateulated and the ability of the high speed computer. Particularly, a plurality of basis functions are often used for 
atomic orbitals suitable for representing a valence electron orbital and a polarized condition. Moreover, conceming 

15 structure parameters input during calculation, experimental data and coordinates obtained from another theoretical 
chemistry method can be Input, and they can be also determined from the calculation of structural optimization by the 
above-mentioned program. Herein, the other theoretical chemistry method Includes not only a quantum chemistry 
procedure, but also a molecular mechanics procedure. The calculation of the molecular mechanics procedure is pos- 
sible using a CAChe system of Fujitsu Co., Ltd. or the like. 

20 [0013] The catalyst component for addition polymerization of the present invention is composed of a compound (A) 
of a high Lewis acidity, containing an atom of the Group II to XII or Lanthanlde series, and the compound(A) Is selected 
from compounds satisfying the energy level of the unoccupied molecular orbital obtained by a quantum chemistry 
calculation as described above, as the Lewis acidity. 

[0014] The central metal atom In the compound (A) Is an atom of the Group 11 to the Group XII or Lanthanlde series 
25 of the Periodic Table of the Elements (Revised edition of lUPAC Inorgante Chemistry Nomenclature 1989). Specific 
examples of the central metal atom Include a scandium atom, an yttrium atom, a titanium atom, a zirconium atom , a 
vanadium atom, a chromium atom, a molybdenum atom, a manganese atom, a rhenium atom, an iron atom, a ruthenium 
atom, a cobalt atom, a rhodium atom, a nickel atom, a palladium atom, a platinum atom, a copper atom, a silver atom, 
a gold atom, a zinc atom, a cadmium atom, a mercury atom, a samarium atom, an yttertsium atom and the like. As the 
30 central metal atom, an atom of the Group IX or Group XII Is preferable, and a cobalt atom or a zinc atom is preferable 
in particular. 

[0O15] And, as a group to which the central atom bonds, there are illustrated a halogen atom, halogenated hydro- 
carbon groups having 1 to 20 carbon atoms, halogenated alkoxy groups having 1 to 20 carbon atoms, a halogenated 
aryloxy groups having 6 to 20 carbon atonns, oxygen-containing oligomers, and atomic groups having a porphyrin or 
35 phthalocyanine skeleton. 

[001 6] Specific examples of the halogen atom include fluorine, chlorine, bromine and iodine, preferably fluorine and 
chlorine. 

[001 7] Specific example of the halogenated hydrocarbon groups having 1 to 20 carbon atoms Include a trifiuoromethyl 
group, a pentafluoroethyl group, a heptafiuoroisopropyl group, a hexafluoriisopropyl group, and perfluoro-t-butyl group. 
40 [0018] Specific example of the halogenated alkoxy groups having 1 to 20 carbon atoms include a trifluoromethoxy 
group, a pentafluoroethoxy group, a heptafluoroisopropoxy group, a hexafluorolsopropoxy group and a perfluoro-t- 
butoxy group. 

[0019] Specific example of the halogenated aryloxy groups having 1 to 20 carbon atoms Include a monofluorophe- 
npxy group, a diftuorophenoxy group, a trifluorophenoxy group, a tetrafluorophenoxy group, a pentafluorophenoxy 
45 group and a trifluoromethylphenoxy group, and preferably a pentafluorophenoxy group. 

[0020] As the oligomer containing an oxygen atom, oxides of an atom of the Groups 2 to 12 and Lanthanlde series 
represented by the general formula below: 



R3o— (-M-0->n-R4 



(wherein M Is an atom of the Groups II to X 11 and Lanthanide series of the Periodic Table of the Element, and respective 
55 r3 and R"^ represent independently a hydrocarbon group having 1 to 20 cariaon atoms may be substituted with a 
halogen atom.). The specific example of M is selected from the specific examples of atoms of the Groups II to X11 and 
Lanthanlde series described above, and specific examples of and R"* are also selected from, for example, the 
specific examples of the halogenated hydrocarbon having 1 to 20 carbon atoms as described above. The oligomer 
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containing an oxygen atom is preferably zincoxane. 

[0021] As the compound (A) having a porphyrin skeleton or phthalocyanine skeleton, a compound represented by 
the general fonmula [1] described below Is preferable: 



10 



IS 




20 

(wherein M represents an atom of the Group II to the Group XII or Lanthanide series of the Periodfe Table; T represents 
an atom of the Group XIV or Group XV of the Periodic Table; all of T's may be mutually the same or different; Each of 
Ri and independently is a hydrogen atom, a halogen atom, a hydrocarbon group or a halogenated hydrocarbon 

25 group; alt of R'^'s and all of R^'s may be mutually the same or different, respectively and may mutually fomn a ring; X 
represents a hydrogen atom, a halogen atom, a hydrocarbon group or a hydrocarbon oxy group; when a plural number 
of X's bxist, they may be mutually the same or different; and m represents a valence of M.) and satisfying that the 
lowest energy level of the unoccupied molecular orbital having the valence p-type atomic orbital of the atom as the 
main component Is calculated to be 0.008 atomic unit or less as mentioned above. 

30 [0022] M Includes the atoms as exemplified above and a cobalt atom or a zinc atom is particularly preferable. 

[0023] "m" represents the valence of M, and when M is a cobalt atom, 2 or 3 Is preferable, and when M Is a zinc 
atom, m is preferably 2. 

[0024] T In the general fomiula [1] represents an atom of the Group XIV or Group XV of the Periodic Table of the 
Elements (Revised edition of lUPAC Inorganic Chemistry Nomenclature 1 989), and all of Ts may be mutually the same 
35 or different. Specific examples of the atom of the Group XIV include a carbon atom, silicon atom and the like, and 
specific examples of the atom of the Group XV include a nitrogen atom, phosphorous atom and the like. T is preferably 
a carbon atom or nitrogen atom, and more preferably a nitrogen atom. 

[0025] Each of R^ and R2 in the general formula [1] independently is a hydrogen atom, a halogen atom, a hydrocarbon 
group or a halogenated hydrocarbon group, all of R^'s and all of R^'s may be mutually the same or different, respectively 
40 and may mutually fomri a ring, respectively. At least one of R*" and R^ is preferably an electron-withdrawing group, and 
as the electron-withdrawing group, a halogen atom or a halogenated hydrocarbon group is preferable. 
[0026] Specific examples of the halogen atom Include a fluorine atom, a chlorine atom, a bromine atom and an iodine 
atom. A fluorine atom, is preferable. 

[0027] As a hydrocarbon group, an alkyi group, an aryl group or an aralkyi group is preferable. 

45 [0028] As the alkyI group, an alkyI group having 1 to 20 carbon atoms is preferable. Examples thereof Include a 
methyl group, an ethyl group, a n-propyl group, an Isopropyl group, a n-butyl group, a sec-butyl group, a tert-butyl 
group, an isobutyl group, a n-pentyl group, a neopentyl group, a n-hexyl group, a n-octyl group, a n-decyl group, a n- 
dodecyl group, a n-pentadecyl group, a n-eicosyl group and the like. A methyl group, an ethyl group, an isopropyl 
group, a tert-butyl group and an isobutyl group are preferable. 

50 [0029] As the aryl group, an aryl group having 6 to 20 cartoon atoms is preferable. Examples thereof include a phenyl 
group, a 2-tolyl group, a 3-tolyl group, a 4-tolyl group, a 2,3-xylyl group, a 2,4-xylyl group, a 2,5-xylyl group, a 2,6-xylyl 
group, a 3,4-xylyl group, a 3,5-xylyl group, a 2,3,4-trimethylphenyl group, a 2,3,5-trimethylphenyl group, a 2,3,6-tri- 
methylphenyl group, a 2,4,6-trimethylphenyl group, a 3,4,5-trimethylphenyl group, a 2,3,4,5-tetramethylphenyl group, 
a 2,3,4,6-tetramethyIphenyl group, a 2,3,5,6-tetramethyIphenyl group, a pentamethylphenyl group, an ethylphenyl 

55 group, a n-propylphenyl group, an isopropylphenyl group, a n-butylphenyl group, a sec-butylphenyl group, a tert-butyl- 
phenyl group, a n-pentylphenyl group, a neopentylphenyl group, a n-hexylphenyl group, a n-octylphenyl group, a n- 
decylphenyl group, a n-dodecylphenyl group, a n-tetradecylphenyl group, an aphthyl group, an anthracenyl group and 
the like, and a phenyl group is more preferable. 
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[0030] As the aralkyl group, an aralkyi group having 7 to 20 carbon atoms is preferable. Examples thereof Include 
a benzyl group, a {2-methylphenyl)methyl group, a (3-methylpheriyl)methyl group, a (4-methylphenyl)methyl group, a 
(2,3-dimethylphenyl)methyl group, a (2,4*dimethylphenyl)methyl group, a (2»5-dimethylphenyl)methyl group, a 
(2,6-dlmethylphenyl)methyl group, a (3,4-dlmethylphenyl)melhyl group, (3.5-dlmethylphenyl)methyl group, a 

s (2.3,4-timethylphenyl)methyl group, a (2,3.5-timethylphenyl)methyl group, a (2,3,6-timethylphenyl)methyl group, a 
(3,4.5-limethylphenyl)methyl group, a (2,4,6-tlmethylphenyl)methyl group, a (2,3,4.5-tetramethylphenyl)methyl group, 
a (2,3,4,6-tetramethylphenyl)methyl group, a (2,3,5,6-tetramethylphenyl)methyl group, a (pentamethylphenyl)methyl 
group, an (ethylphenyl)methyl group, a {n-propylphenyl)methyl group, an (isopropylphenyl)methyl group, a (n-butyl- 
phenyl)methyl group, a (sec-butylphenyl)methyl group, a (tert-butylphenyl)methyl group, a {n-pentylphenyl)methyl 

10 group, a (neopentylphenyl)methyl group, a (n-hexylphenyl)m ethyl group, a (n-octylphenyl)methyl group, a (n-decyl- 
phenyl)methyl group, a (n-dodecylphenyl)methyl group, a (n-tetradecylphenyl)m ethyl group, a naphthylmethyl group, 
an anthracenylmethyl group and the like, and a benzyl group is more preferable. 

[0031] Further, as the halogenated hydrocarbon group, a halogenated alkyl group, a halogenated aryl group, or a 
(halogenated alkyl)aryl group Is preferable. 

IS [0032] As the halogenated alkyl group, a halogenated alkyl group having 1 to 20 carbon atoms is preferable. Exam- 
ples thereof Include a fluoromethyl group, a chloromethyl group, a bromomethyl group, an iodomethyl group, a difluor- 
omethyl group, a dichloromethyl group, a dibromomethyl group, a dllodomethyl group, a trifluoromethyl group, a trlchlo- 
romethyl group, a tribromomethyl group, a trilodomethyl group, a 2,2,2-trifIuoroethyl group, a 2,2,2-trichloroethyl group, 
a 2,2,2-trlbromoethyl group, a 2,2,2-tnlodoethyl group, a 2,2,3,3,3-pentafluoropropyl group, a 2,2,3,3,3-pentachloro- 

20 propyl group, a 2,2,3,3,3-pentabromopropyl group, a 2,2,3.3,3-pentaiodopropyl group, a 2,2,2-trlfluoro-1 -trifluorometh- 
ylethyl group, a 2,2,2-trfchloro-1-trichloromethylethyl group, a 2,2,2-tribromo-1-tribromomethylethyl group, a 2.2,2-tri- 
lodo-1 -triiodomethylethyl group, a 1 ,1 -bis(trifluoromethyl)-2,2,2-trifluoroethyl group, a 1,1 -bls{trlchloromethyl)- 
2,2,2-trichloroethyl group, a 1,1-bis(tribromomethyl)-2,2,2-tribromoethyl group, a 1 ,1-bis(triiodomethyl)-2,2,2-triiodoe- 
thyl group, and the like. 

25 [0033] As the halogenated aryl group, a halogenated aryl group having 6 to 20 carbon atoms is preferable. 

[0034] Examples thereof Include a 2-fluorophenyl group, a 3-fluorophenyl group, a 4-fluorophenyl group, a 2-chlo- 
rophenyl group, a 3-chlorophenyl group, a 4-chlorophenyl group, a 2-bromophenyl group, a 3-bromophenyl group, a 
4-bromophenyl group, a 2-lodophenyl group, a 3-iodophenyl group, a 4-lodophenyl group, a 2,6-difluorophenyl group, 
a 3, 5-dlfluorophenyl group, a 2, 6-dichlorophenyl group, a 3,5-dichlorophenyl group, a 2,6-dibromophenyl group, a 

30 3,5-dibromophenyl group, a 2,6<diiodophenyl group, a 3,5-diiodophenyl group, a 2,4,6'trifluorophenyl group, a 
2,4,6-trichlorophenyl group, a 2,4,6-trlbromophenyl group, a 2,4,6-trliodophenyl group, a pentafluorophenyl group, a 
pentachlorophenyl group, a pentabromophenyl group, a penta-iodophenyl group, and the like. . 
[0035] As the (halogenated alkyl)aryl group, a (halogenated alkyl)aryf group having 7 to 20 carbon atoms Is prefer- 
able. Examples thereof include a 2-(tnfluoromethyl)phenyl group, a 3-(trifluoromethyl)phenyl group, a 4-(trifIuorome- 

35 thyl)phenyl group, a 2,6-bis(trifluoromethyl)phenyl group, a 3,5-bls(trifluoromethyt)phenyl group, a 2,4,6-trls(trif!uor- 
omethyl)phenyl group, and the like. 

[0036] X in the general formula [1] represents a hydrogen atom, a halogen atom, a hydrocarbon group or a hydro- 
carbon oxy group, and when a plural number of X's exist, they may be mutually the same or different. Specific examples 
of the halogen atom include a fluorine atom, a chlorine atom, a bromine atom and an iodine atom, and a chlorine atom 

40 is preferable. Further, as the hydrocarbon group, an alkyl group, an aryl group, or an aralkyl group is preferable. 

[0037] As the alkyl group, an alkyl group having 1 to 20 carbon atoms is preferable. Examples thereof include a 
methyl group, an ethyl group, a n-propyl group, an isopropyl group, a n-butyl group, a sec-butyl group, a tert-butyl 
group, an isobutyl group, a n-pentyl group, a neopentyl group, a n-hexyl group, a n-octyl group, a n-decyl group, a n- 
dpdecyl group, a n-pentadecyl group, a n-eicosyl group, and the like. A methyl group, an ethyl group, an Isopropyl 

45 group, a tert-butyl group or an isobutyl group is preferable. 

[0038] As the aryl group, an aryl group having 6 to 20 carbon atoms Is preferable. Examples thereof include a phenyl 
group, a 2-tolyl group, a 3-tolyl group, a 4-tolyl group, a 2,3-xylyl group, a 2,4-xylyl group, a 2,5-xylyl group, a 2,6-xylyl 
group, a 3,4-xylyl group, a 3,5-xylyl group, a 2,3,4-trimethylphenyl group, a 2,3,5-trimethylphenyl group, a 2,3.6-tri- 
methylphenyl group, a 2,4,6-trimethylphenyl group, a 3;4,5-trimethylphenyl group, a 2,3,4,5-tetramethylphenyl group, 

50 a 2,3,4,6-tetramethylphenyl group, a 2,3,5, 6-tetramethylphenyl group, a pentamethylphenyl group, an ethylphenyl 
group, a n-propylphenyl group, an isopropylphenyi group, a n-butylphenyl group, a sec-butylphenyl group,- a tert- 
butylphenyl group, a n-pentylphenyl group, a neopentylphenyl group, a n-hexylphenyl group, a n-octylphenyl group, a 
n-decylphenyl group, a n-dodecylphenyl group, a n-tetradecylphenyl group, a naphthyl group, an anthracenyl group 
and the like, and a phenyl group is more preferable. 

55 [0039] As the aralkyl group, an aralkyl group having 7 to 20 carbon atoms is preferable. Examples thereof include 
a benzyl group, a (2-methylphenyl)methyl group, a (3-methy!phenyi)methyl group, a (4-methylphenyl)methyl group, a 
(2,3-dlmethylphenyl)methyl group, a (2,4-dimethylphenyl)methyl group, a (2,5-dimethylphenyl)methyl group, a 
(2,6-dlmethylphenyl)methyl group, a (3,4-dimethylphenyl)methyl group, (3,5-dimethylphenyl)methyl group, a 
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(2,3,4-timethylphenyl)methyl group, a (2,3,5-timethylphenyl)methyl group, a {2,3,6-timethylphenyl)methyl group, a 
(3.4,5-limethylphenyI)methyl group, a (2,4,6-timethylphenyl)methyl group, a (2,3,4,6-tetramethylphenyl)methyl group, 
a (2,3,4.6-tetramethylphenyl)methyl group, a (2,3,5,6-tetramethyIphenyl)methyl group, a (pentamethylphenyl)methyl 
group, an (ethylphenyl)methyl group, a (n-propylphenyl)methyl group, an (isopropylphenyl)methyl group, a (n-butyl- 
phenyl)methyl group, a (sec-butylphenyl)methyl group, a (tert-butylphenyl)methyl group, a (n-pentylphenyl)methyl 
group, a (neopentylphenyl)methyl group, a (n-hexylphenyl)methyl group, a (n-octylphenyl)nnethyl group, a (n-decyl- 
phenyl)nnethyl group, a (n-dodecylpheny!)methyl group, a (n-tetradecylphenyl)nnethyl group, a naphthylmethyl group, 
an anthracenylmethyl group and the like, and a benzyl group Is more preferable. 

[0040] As the hydrocarbon oxy group in X of the general formula [1 ], an alkoxy group, an aryloxy group or an aralkyloxy 
group is preferable. 

[0041] As the alkoxy group herein, an alkoxy group having 1 to 24 carbon atoms Is preferable. Examples thereof 
Include a methoxy group, an ethoxy group, a n-propoxy group, an isopropoxy group, a n-butoxy group, a sec-butoxy 
group, a tert-butoxy group, a n-pentoxy group, a neopentoxy group, a n-hexoxy group, a n-octoxy group, a n-dodecoxy 
group, a n-pentadecoxy group, a n-lcosoxy group, and the like, and a methoxy group, an ethoxy group or a tert-butoxy 
group is preferable. 

[0042] Further, as the aryloxy group, an aryloxy group having 6 to 24 carbon atoms Is preferable. Examples thereof 
include a phenoxy group, a 2-methylphenoxy group, a3-methy!phenoxy group, a4-methylphenoxy group, a2,3-dimeth- 
ylphenoxy group, a 2,4-dimethylphenoxy group, a 2,5-dlmethylphenoxy group, a 2,6-dimethylphenoxy group, a 
3,4-dimethylphenoxy group, a 3,5-dimethylphenoxy group, a 2,3,4-trimethylphenoxy group, a 2.3,5-trimethy!phenoxy 
group, a 2,3,5-trimethylphenoxy group, a 2.3.6-trimethylphenoxy group, a 2,4.5-trimethylphenoxygroup, a 2,4,6-tri- 
methylphenoxy group, a 3,4.5-trlmethylphenoxy group, a 2,3,4,5-tetramethylphenoxy group, a2,3.4,6-tetramethylphe- 
noxy group, a 2,3,5,6-tetramethylphenoxy group, a pentamethylphenoxy group, or a ethylphenoxy group, a n-propyl- 
phenoxy group, an Isopropylphenoxy group, a n-butylphenoxy group, a sec-butylphenoxy group, a tert-butylphenoxy 
group, a n-hexylphenoxy group, a n-octylphenoxy group, a n-decylphenoxy group, a n-tetradecylphenoxy group, a 
naphtoxy group, an antharcenoxy group and the like. 

[0043] ,As the aralkyloxy group, an aralkyloxy group having 7 to 24 carbon atoms is preferable. Examples thereof 
includ6 a benzyloxy group, a (2-methylphenyl)methoxy group, a {2-methylphenyl)methoxy group, a (3-methylphenyl) 
methoxy group, a (4-methylphenyl)methoxy group, a (2,3-dlmethy!phenyl)methoxy group, a (2,4-dimethylphenyl)meth- 
oxy group, a (2,5-dimethytphenyl)methoxy group, a (2,6-dlmethylphenyl)methoxy group, a (3,4-dimethyIphenyl)meth- 
oxy group, a (3,6-dimethylphenyl)methoxy group, a (2,3,4-trimethylphenyl)methoxy group, a (2,3,5-trimethylphenyl) 
inethoxy group, a (2,3,6-trimethylphenyl)methoxy group, a (2,4.5-trimethylphenyl)methoxy group, a {2,4,6-trimethyl- 
phenyl)methoxy group, a (3,4,5-trlmethylphenyl)methoxy group, a (2,3.4,5-tetramethylphenyl)methoxy group, a 
(2,3,5,6-tetramethylphenyl)methoxy group, a (pentamethylphenyl)methoxy group, or a (ethylphenyl)methoxy group, a 
(n-propylphenyl)methoxy group, an (isopropylphenyl)methoxy group, a (n-butylphenyl)methoxy group, a (sec-butyl- 
phenyl)methoxy group, a (tert-butylphenyl)methoxy group, a (n-hexylphenyl)methoxy group, a (n-octylphenyl)methoxy 
group, a {n-decylphenyl)methoxygroup, a n-tetradecylphenyl)methoxy group, a naphtylmethoxy group, an antharce- 
nylmethoxy group and the like, and a benzyloxy group is preferable. 

[0044] Specific examples of the compound represented by the general fonmula [1 ] are illustrated below, but they are 
not limited thereto. In the specific examples mentioned below, M represents an atom of the Group II to the Group Xlt 

of the Periodic Table or Lanthanide series (proviso that Cu Is excluded in (A3)), X represents a hydrogen atom, a 
halogen atom, a hydrocarbon group or a hydrocarbon oxy group, and m represents an atomic valence of M. 
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30 

X0045] Among compounds represented by the general fomnula [1], a compound represented by the general formula 
[2] described below is more preferable: 



35 



40 



45 



50 




55 (wherein M represents an atom of the Group II to the Group 

XII excluding Cu, or Lanthanide series of the Periodic Table, X represents a hydrogen atom, a halogen atom, a 
hydrocarbon group or a hydrocarbon oxy group, 

and when a plural number of X's exist, they may be mutually the same or different, m represents a valence of M.) 
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[0046] Further, M, X and m in the general formula [2] are the same as in the general formula [1], 
[0047] The compound represented by the general formula [1] can be synthesized by known methods. For example, 
a method described In "Inorganic Chemistry, 1 9. 31 31 -31 35 (1 980)" Is mentioned. Further, these compounds are com- 
mercially available, and a purchased product can be used as it is. 

5 [0048] The catalyst component for addition polymerization of the present Invention as described in detail above Is 
suitably used as a catalyst component for olefin polymerization. Specific examples of the catalyst for addition polym- 
erization of the present invention include a catalyst for addition polymerization obtained by contacting the above-men- 
tioned catalyst component for addition polymerization of the present Invention (A) and the metal compound of the 
Group III to the Group Xllt or Lanthanide series (B), and a catalyst for addition polymerization obtained by contacting 

10 the above-mentioned catalyst component for addition polymerization of the present invention (A), the metal compound 
of the Group III to the Group XIII or Lanthanide series (B), and the organoaluminum compound (C). 
[0049] The catalyst component for addition polymerization is further illustrated in detail below. (B) IVIetal compound 
of the Group III to the Group XIII or Lanthanide series 

[0050] As the metal compound (B) of the Group III to the Group Xlll or Lanthanide series used for the catalyst for 
15 addition polymerization of the present Invention, a metal compound of the Group III to the Group Xlll or Lanthanide 
series, which reveals addition polymerization activity by using a compound different from the above-mentioned catalyst 
component for addition polymerization of the present invention (A) and using the catalyst comporient for addition po- 
lymerization (A)(or further, the organoaluminum compound (C)) as a catalyst component for activation , is not particularly 
limited. As such metal compound (B), for example, a metal compound represented by the general formula [4] described 
20 below, a metal compound of |i-oxo-type thereof, and the like are mentioned. 



L^ Xb [4] 

25 (wherein iS/l^ Is a metal atom of the Group III to the Group Xlll or Lanthanide series. Lis a group having cyclopentadienyl 
type anion skeleton or a group' containing a hetero atom, a plurality of Us may be linked directly, or through a residual 
group containing a carbon atom, a silicon atom, a nitrogen atom, an oxygen atom, a sulfur atom or a phosphorous 
atom. X is a halogen atom or a hydrocarbon group, "a" represents a nunriber satisfying 0<a^8, and "b" represents a 
number satisfying 0<b^8.) 

30 [0051] In the general fomriula [4], is a metal atom of the Group III to the Group Xlll or Lanthanide series of the 
•Periodic Table of the Elements (lUPAC 1989). Specific examples thereof include a scandium atom, an yttrium atom, 
a titanium atom, a zirconium atom, a hafnium atom, a vanadium atom, a niobium atom, a tantalum atom, a chromium 
atom, an iron atom, a ruthenium atom, a cobalt atom, a rhodium atom, a nickel atom, a palladium atom, a samarium 
atom, an ytterbium atom, an aluminum atom, a boron atom and the like. As M in the general fomriula [4J, a transition 

35 metal atom is preferable, and a titanium atom, a zirconium atom or a hafnium atom is preferable in particular. 

[0052] ' In the general formula [4], L is a group having a cyclopentadiene type anion skeleton or a group containing 
a heteroatom. and a plurality of Vs may the same or different Further, a plurality of L's may be linked directly, or through 
a residual group containing a cartoon atom, a silteon atom, a nitrogen atom, an oxygen atom, a sulfur atom or a phos- 
phorous atom. 

40 [0053] As the group having a cyclopentadiene type anion skeleton in L, a cyclopentadienyl group, a(substituted) 
cyclopentadienyl group, an indenyl group, a (substituted)indenyl group, a fluorenyl group, a (substituted) fiuorenyl 
group and the like are mentioned. Examples of the group having a cyclopentadiene type anion skeleton include an n^- 
(substituted)cyclopentadienyl group, an Ti5.(substltuted)indenyl group, an iiS-(substituted) fluorenyl group and the like. 
Specific examples thereof include an iiS-cyclopentadienyl group, an T^S-methylcydopentadienyl group, an T^s-tert-bu- 

^5 tylcyclopentadienyl group, an 'q5.-i^2-dlmethylcycIopentadienyl group, an Ti5-l,3-dimethytcyclopentadienyl group, an 
1^5-1 .tert-butyl-2-methylcyclopentadienyl group, an -qS-i-tert-butyl-S-methylcyclopentadienyl group, an i^S-l-methyl- 
2-isopropylcyclopentadienyl group, an ti^-i -methyl-3-lsopropylcyclopentadienyl group, an -qS-l ,2,3-trimethylcyclopen- 
tadienyl group, an t^^-i ,2,4-trimethylcyclopentadienyl group, an T^5_tetramethylcyclopentadienyl group, an ii^-pentam- 
ethylcyclopentadienyl group, an ri^-lndenyl group, an Ti5-4,5,6,7-tetrahydroindenyl group, an Tt5-2-methyllndenyl group, 

50 an T|5-3-methylindenyl group, anr\ M-methylindenyl group, an i^S-S-methylindenyl group, an T|5-6-methylindenyl group, 
an T| s-y-methylindenyl group, an Ti5-2-tert-butyllndenyl group, an r|5-3-tert-butylindenyl group, an Ti5-4-tert-butylindenyl 
group, an T|5-5-tert-butylindenyI group, an T^S-s-tert-buty I indenyl group, an -qS-Z-tert-butylindenyl group, an t|5- 
2.3-dimethylindenyl group, an TiM.y-dimethyl indenyl group, an Ti5-2,4,7-trimethyllndenyl group, an Ti5-2-methyl-4-iso- 
propylindenyl group, an t\ M.S-dibenzindenyl group, amiM.S-dlbenzindenyi group, an tiM-phenylindenyl group, an 

55 'q5.2.methyl-5-phenylindenyl group, an Ti5-2-methyl-4-phenylindeny} group, an Ti5-2-methyl-4-naphthylindenyl group, 
an r\ Mluorenyl group, an Ti5-2,7-dimethylfluorenyl group, an r|5-2,7-dl-tret-butylfluorenyl group, and substitution prod- 
ucts thereof, etc. 
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[0054] As the hetero atom in a group containing the fore-mentioned hetero atom, an oxygen atom, a sulfur atom, a 
nitrogen atom, a phosphorous atom and the like are mentioned, and examples thereof Include an alkoxy group, an 
aryloxy group, a thioalkoxy group, a thioaryloxy group, an alkylamino group, an arylamino group, ari alkylphosphino 
group, an arytphosphino group, or an aromatic group or an aliphatic hetero cyclic group having an oxygen atom, a 
sulfur atom, a nitrogen atom and/or a phosphorous atom In the ring, a chelating ligand and the like. 
[0055] When the group containing a hetero atom is specifically exemplified, a methoxy group, an ethoxy group, a 
propoxy group, a butoxy group, a phenoxy group, a 2-methylphenoxy group, a 2,6-dimethylphenoxy group, a 2,4,6-tri- 
methylphenoxy group, a 2-ethylphenoxy group, a 4-n*propylphenoxy group, a 2'isopropylphenoxy group, a 2,6-diiso- 
propyiphenoxy group, a 4-sec-butylphenoxy group, a 4-tert-butylphenoxy group, a 2,6-di-sec-butyiphenoxy group, a 
2-tert-butyl-4-methylphenoxy group, 2,6-di-tert-butytphenoxy group, 4-methoxyphenoxy group, a 2,6-dlmethoxyphe- 
noxy group, a 3,5-dlmethoxyphenoxy group, a 2'Chlorophenoxy group, a 4-nitrosophenoxy group, a 4-nitrophenoxy 
group, a 2-aminophenoxy group, a 3-aminophenoxy group, a 4-aminothiophenoxy group, a 2,3,6-trichlorophenoxy 
group, a 2,4,6-trifIuorophenoxy group, a thiomethoxy group, a dimethylanriino group, a diethylamino group, a dlpro- 
pylamino group, a diphenylamino group, an isopropyiamino group, a tert-butyiamino group, a pyrrolyt group, a dimeth- 
yiphosphino group, a 2-(2-oxy-1 -propyl)phenoxy group, cathecol, resorsinoi, 4-isopropylcathecol, 3-methoxycathecol, 
a 1 ,8-di hydroxy naphthy I group, a 1 ,2-dihydroxynaphthyi group, a 2,2'-biphenyldiol group, a 1,1'-bl-2-naphthol group, 
a 2,2'-dlhydroxy-6,6'-dlmethylblphenyl group, a 4,4*, 6,6'-tetra-tert-butyl-2,2'-methylenediphenoxy group, a 4,4', 6,6- 
tetramethyl-2.2'-isobutylidenediphenoxy group and the like can be exemplified. 

[0056] Further, as the group containing the fore-mentioned heteroatom, a group represented by the general formula 
[5] can be also exemplified. 

RgP^N- [5] 

(wherein each of R's represents a hydrogen atom, a halogen atom, a hydrocarbon group, they may be mutually the 

same or different, and two or more of them may be mutually bonded and may mutually fomi a ring.) 

[0057} ' Specific examples of R in the general formula [5] include a hydrogen atom, a fluorine atom, a chlorine atom, 

a bromine atom, an iodine atom, a methyl group, an ethyl group, a n-propyl group, an isopropyt group, a n-butyl group, 

a tert-butyl group, a cyclopropyl group, a cyclobutyl group, a cycloheptyl group, a cyclohexyt group, a phenyl group, a 

1-naphthyl group, a 2-naphthyl group, a benzyl group and the like, but are not limited to these. 

|0058] Moreover, as the group containing the fore-mentioned heteroatom, a group represented by the general formula 

[6] can be also exemplified. 



R 




C6] 



R 

(wherein each of R's represents a hydrogen atom, a halogen atom, a hydrocarbon group, a hydrocarbon oxy group, 
a siiyl group, an amino group, they may be mutually the same or different, and two or more of them may be mutually 
bonded and may mutually form a ring.) 

[0059] Specific examples of R in the above-mentioned general fonmula [6] include a hydrogen atom, a fluorine atom, 
a chlorine atom, a bromine atom, an iodine atom, a phenyl group, a 1-naphthyl group, a 2-naphthyl group, a tert-butyl 
group, a 2,6-dimethylphenyl group, a 2-fluorenyl group, a 2-methylphenyl group, a 4-trifluoromethylphenyl group, a 
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4-methoxyphenyl group, a 4-piridyl group, a cyciohexyl group, a 2-isopropyIphenyl group, a benzyl group, a methyl 
group, a triethylsilyl group, a diphenylmethylsilyl group, a 1 -methyl-1 -phenylethyl group, a l.l-dimethylpropyl group, 
a 2-chlorophenyl group, and the like, but are not limited to these. 

[0060] The fore-mentioned chelating ligand Indicates a llgand having a plural number of coordinating positions, and 
specific examples thereof include acetylacetonate, dlimlne, oxazollne, bisoxazollne, terpyridine. acyl hydrazone, di- 
ethylenetriamine, triethylenetetramine, porphyrin, a crown ether, a cryptate and the like. 

[0061] The mutual groups having the cyclopentadienyl type anion skeleton, and the group of the group having a 
cyclopentadienyl type anion skeleton and the group containing a hetero atom, or the mutual groups containing a hetero 
atom may be directly linked, or may be linked through a residual group containing a carbon atom, a silicone atom, a 
nitrogen atom, an oxygen atom, a sulfur atom or a phosphorus atom, respectively. Examples of the residual group 
include alkylene groups such as an ethylene group, a propylene group and the like; substituted atkylene groups such 
as a dimethylmethyiene group, a diphenylmethylene group and the like; a silyfene group; substituted silylene groups 
such asadimethylsllylenegroup, a diphenylsllylene group, a tetramethyldlsilylene group and the like; and hetero atoms 
such as a nitrogen atom, an oxygen atom, a sulfur atom, a phosphorus atom and the like, etc. 
[0062] X In the general fonmula [4] Is a halogen atom or a hydrocarbon group. Specific examples of X Include halogen 
atom such as a fluorine atom, a chlorine atom, a bromine atom and an iodine atom, and specific examples of the 
hydrocarbon group include a methyl group, an ethyl group, a n-propyl group, an isopropyl group, a n-butyl group, a 
phenyl group, a benzyl group and the like. X is preferably a halogen atom, an alkyi group having 1 to 24 carbon atoms 
or an aralkyi group having 7 to 24 carbon atoms. 

[0063] "a" in the general fomnula [4] represents a figure satisfying 0<a^8. and "b" represents a figure satisfying 
0<b^d, and are appropriately selected in accordance with the valent number of M. 

[0064] Among the metal compound represented by the general fonnuia [4], specific examples of the compound in 
which atransitlon metal is a titanium atom include bis(cyclopentadienyl)titanium dichloride, bis(methylcyclopentadienyl) 
titanium dichloride, bis(n-butylcyclopentadienyl)titanium dichloride, bis(dimethylcyclopentadienyl)titanium dichloride, 
bis(ethylmethylcyclopentadienyl)tltanlum dichloride, bis(trimethylcyclopentadienyl)titanium dichloride, bis(tetramethyl- 
cyclopemadienyl)tltanium dichloride, bis(pentamethylcyclopentadienyl)titanium dichloride, bis(indenyl)titanium dichlo- 
ride, bis(4,5,6,7-tetrahydroindenyl)titanium dichloride, bis{fluorenyl)titanlum dtehlbride, bis(2-phenylindenyl)titanlum 
dichloride, bis[2-(bis-3,5-trlfluoromethylphenyl)indenyl]tltanium dichloride, bls[2-(4-tert-butylphenyl)indenylltitanlum 
dichloride, bis[2-(4-trifluoromethylphenyl) indenyljtitanlum dichloride, bis[2-(4-methylphenyl)indenyi]titanium dichlo- 
ride, bis[2-(3,5-dimethylphenyl)indenyl]titanium dichloride, bis[2-(pentafluorophenyl)indenyl]titanium dichloride, cy- 
•ciopentadienyl (pentamethylcyclopentadienyl)titanium dichloride. cyclopentadienyl(lndenyl)titanium dichloride, cy- 
clopentadienyl(fluorenyl)titanium dichloride. lndenyKfluorenyl)titanium dichloride, pentamethylcyclopentadienyl(inde- 
nyl)titanium dichloride, pentamethylcyclopentadienyl (fluorenyi)titanium dichloride, cyclopentadienyl(2-phenylindenyi) 
titanium dichloride, pentamethylcyclopentadienyl(2-phenylindenyl)titanium dichloride, ethylenebls(cyclopentadienyl)tl- 
tanium dichloride, ethylenebis(2-methylcyclopentadienyl)titanium dichloride, ethylenebis(3-methylcyclopentadienyl)ti- 
tanium dichloride, ethylenebis(2-n-butylcyclopentadlenyl)titanlum dichloride, ethylenebis(3-n-butylcyc!opentadienyl)ti- 
tanium dichloride, ethylenebis(2,3-dimethylcyclopentadienyl)titanlum dichloride, ethylenebis(2,4-dimethylcyclopenta- 
dlenyOtitanium dichloride, ethylenebis(2,5-dimethylcyclopentadienyl)titanium dichloride, ethylenebis(3,4-dimethylcy- 
clopentadienyl)titanlum dichloride, ethyIenebis(2,3-ethylmethylcyclopentadienyl)tltanlum dichloride, ethylenebis 
(2,4-ethylmethylcyclopentadienyl)titanium dichloride. ethyIenebis(2,5-ethylmethyicyclopentadienyl)titanium dichloride, 
ethylenebis(3,5-ethylmethylcyclopentadienyi)titanlum dichloride, ethylenebis{2,3,4-trimethyicyclopentadienyi)titanlum 
dichloride, ethylenebis(2,3,5-trimethylcycIopentadienyl)titanium dichloride, ethylenebis(tetramethylcyclopentadienyl) 
titanium dichloride, ethylenebis{indenyl)titanium dichloride, ethylenebis(4,5,6,7-tetrahydroindenyl)titanium dichloride, 
ethylenebis(2-phenylindenyl)titanlum dichloride, ethylenebls(fluorenyl)titanium dichloride, ethylene (cyclopentadienyl) 
(pentamethylcyclopentadienyl)titanium dichloride, ethylene(cyclopentadienyl) {indenyi)titanium dichloride. ethylene 
(methylcyclopentadienyl)(indenyl)titanium dichloride, ethylene(n-butyicyclopentadienyl) {indenyl)titanium dichloride, 
ethylene(tetramethylcyclopentadienyl) (indenyl)titanlum dichloride, ethylene(cyclopentadienyl)(fluorenyl)titanium 
dichloride, ethylene{methy!cyclopentadienyl)(fluorenyl)titanium dlchloride,ethyiene(pentamethylcyciopentadienyl)(flu- 
orenyl)tita nium dichloride, ethylene(n-butylcyclopentadienyl)(fiuorenyl)titanium dichloride. ethylene(tetramethy!penta- 
dienyl)(fluorenyl)tltanlum dichloride, ethyIene(indenyl)(fluorenyl)titanium dichloride, lsopropylldenebis{cyclopentadi- 
enyl) titanium dichloride, isopropylidenebis(2-methylcyclopentadienyl)titanium dichloride, lsopropylidenebis(3-methyl- 
cyclopentadienyl)titanium dichloride, isopropylidenebis(2-n-butylcyclopentadienyl)titanium dichloride, isopropyli- 
denebis(3-n-butylcyclopentadienyl)titanium dichloride, isopropylidenebls(2,3-dimethylcyclopentadienyi)tltanium 
dichloride, isopropylldenebis(2,4-dlmethylcyclopentadienyl)titanium dichloride, isopropylidenebis(2,5-dimethylcy- 
clopentadienyl)tltanium dichloride, isopropylidenebis(3,4-dimethylcyclopentadlenyl)titanium dichloride, isopropyli- 
denebis(2,3-ethylmethylcyclopentadienyl)titanium dichloride, isopropylidenebis(2,4-ethylmethylcyclopentadienyl)tita- 
nlum dichloride, lsopropylidenebis(2.5-ethylmethylcyclopentadienyl)titanlum dichloride. isopropylidenebis(3,5-ethyl- 
methylcyclopentadienyl)titanium dichloride, isopropylidenebis(2,3,4-trimethylcyclopentadienyl)tltanium dichloride, iso- 
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propylidenebis(2,3,5-trimethylcyclopentadienyl)tjtanium dichloride, lsopropylidenebis(tetramethylcyclopentadjenyl)-tl- 
tanium dichloride, lsopropylidenebis(indenyl)titanlum dichloride, isopropylldenebis(4,5,6,7-tetrahydroindenyl)titanium 
dichloride, isopropyiidenebls(2-phenyiindenyl)titanium dichloride, isopropyiIdenebis(fiuorenyl)titanium dichloride, iso- 
propylidene(cyclopentadienyl)(tetramethyicyclopen tadlenyl)titanium dichloride, isopropylidene(cyclopentadienyl)(in- 
denyl)lltanlum dichloride, isopropylidene(methylcyclopentadienyl) (indenyl)titanlum dichloride, isopropylidene(n-butyl- 
cyciopentadienyl)(indenyi)titaniunn dichloride, isopropylidene(tetramethylcyclopentadlenyl)-(indenyi)titanium dichlo- 
ride, isopropylidene(cyclopentadienyl)(fluorenyl)titanlum dichloride, isopropylidene(methylcyclopentadienyl)(fluo 
titanium dichloride, isopropylidene(n*butyicyclopentadlenyl)(fluorenyi)titanium dichloride, isopropylidene(tetramethyl- 
cyclopentadienyl)(fluoreny l)titanlum dichloride, isopropyiidene(lndenyl)(fluorenyt)tltanlum dichloride, dimethytsl- 
lylenebis(cyclopentadlenyl)tltanlum dichloride, dlmethylsllylenebis(2-methylcyclopentadlenyl)titanlum dichloride, 
dimethylslIylenebis(3HTiethylcyclopentadienyl)tltanlum dichloride, dlmethytsllylenebis(2-n-butylcyc 
urn dichloride, dimethyisllylenebis(3-n-butylcyclopentadlenyl)tltanium dichloride, dinnethylsjlylenebls(2,3-dimethylcy- 
clopentadienyl)tltanium dichloride. dimethylsilylenebis(2,4-dimethyicyciopentadienyl)titanlum dichloride, dimethytsl- 
lylenebis(2,5-dimethylcyclopentadienyl)titanium dichloride, dimethylsilylenebis(3,4-dimethylcyclopentadlenyl)tltanium 
dichloride, dlmethyIsiiylenebls(2,3-ethylmethylcyclopentadlenyl)titanium dichloride, dimethyisliylenebls(2,4-ethylnfieth- 
ylcyclopentadlenyl)titanium dichloride, dimethylsilylenebls(2.5-ethylmethylcyclopentadienyl)titaniunn dichloride, 
dimethylsllyIenebls(3,5-ethylnnethylcyclopentadlenyl)titanlum dichloride, dlnriethyisilylenebis(2,3,4-trlnnethyicyclopen- 
tadienyl)titanium dichloride, dimethylsllylenebls(2,3,5-trinnethylcyclopentadienyl)tltanium dichloride, dlmethylsllyleneb- 
ls(tetramethylcyclopentadlenyl)-tltanlum dichloride, dimethylsilylenebis(indenyl)titanlum dichloride, dimethylsllylenebis 
(4,5,6,7-tetrahydrolndenyl)titaniunn dichloride, dlnnethylsllylene(cyclopentadienyI)(lndenyt)titanium dichloride, dimeth- 
ytsllylene(methylcyclopentadienyl)-(indenyl)tltanlum dichloride, dimethylsilylene(n-butytcyclopentadienyl)(indenyl)tlta- 
nlum dichloride, dinnethylsiiylene(tetramethylcyclopentadienyl) (jndenyl)titanium dichloride, dimethylsilylene (cyclopen- 
tadienyl)(fluorenyl)titanium dichloride, dimethylsiiytene-(nnethylcyclopentadienyl) (fluorenyl)tltanium dichloride, dlmeth- 
ylsllylene(n'butylcyctopentadienyl](fluorenyl)titanlum dichloride, dimethytsilylene(tetramethylcyclopentadienyl) (inde- 
nyl)titanium dichloride, dimethylsilylene (indenyt)(fluorenyl)titanium dichloride, cyclopentadienyltitanium trichloride, 
pentamethylcyctopentadienyltitanlum trichloride, cyclopentadienyl(dinnethylamldo)titantunn dichloride, cyclopentadi* 
enyl(ph'enoxy)tltanlunn dichloride, cyclopentadienyI(2,6-dimethy!phenyl)tltanium dichloride, cyclopentadienyl(2,6-dllso- 
propylphenyl)titanium dichloride, cycIopentadlenyl(2,6-dl-tert-butytphenyl)titanium dichloride, pentamethylcyclopenta- 
dienyl(2.6-djmethylphenyl)titanium dichloride, pentamethylcyclopentadlenyl(2,6-dilsopropylphenyl)tltaniunn dichloride, 
pentamethylcyctopentadienyl(2,6-tert-butylphenyl)titanium dichloride, indenyl(2,6-diisopropylphenyt)titaniunn dichio* 
. ride. fluorenyl(2,6-diisopropylphenyi)titanlum dichloride, methylene(cyclopentadienyl)(3,5-dimethyi-2-phenoxy) 
titanium dichloride, methylene(cyclopentadienyi)(3-tert-butyl-2-phenoxy)titanium dichloride, m ethyl en e(cyclopentadl- 
enyl)(3-tert-butyl-5-methyl-2-pheno)cy)tltanium dichloride, methylene{cyclopentadienyi)(3-phenyl-2-phenoxy)titanlum 
dichloride, methylene(cyclopentadienyl)(3-tert-butyldimethylsllyl-5-methyl-2-phenoxy)titanium dichloride, methylene 
(cyclopentadienyl)(3-trimethylsilyl-5-methyl-2-phenoxy)tltanium dichloride, methylene(cyclopentadienyl)(3-tert-butyl- 
5-methoxy-2-phenoxy)titanium dichloride, methylene(cyclopentadjenyl)(3-tert-butyl-5-chioro-2-phenoxy)titanium 
dichloride, methyiene(methylcyclopentadienyl)(3,5-dimethyi-2-phenoxy)titanium dichloride, methylene(methyl- 
cyclopentadienyl)(3-tert-butyl-2-phenoxy)tltanium dichloride, methylene(methyicyclopentadienyl)(3-tert*butyl'5-me- 
thyl-2-phenoxy)titanium dichloride, methylene(methylcyclopentadienyl)(3-phenyl-2-phenoxy)tltanium dichloride, meth- 
ylene(methy!cyclopentadlenyl)(3-tert-butyldimethylsllyl-5-methyl-2-phenoxy)titanlum dichloride, methylene(methylcy- 
clopenladlenyl)(3-trimethylsilyl-5-methyl-2-phenoxy)titan ium dich loride, methylene(methylcyclopentadienyl)(3-tert- 
butyi-5-methoxy-2-phenoxy)titanium dichloride, methylene(methylcyclopentadienyl)(3-tert'butyl-5-chloro-2-phenoxy) 
titanium dichloride. methyiene(tert'butylcyclopentadlenyl)(3,5-dimethyl-2-phenoxy)titanlum dichloride. methyl- 
ene(tert-butylcyclopehtadienyl)(3-tert-bulyl-2-phenoxy)titanium dichloride, methylene{tert-butylcyclopentadienyl) 
(3-tert-butyi-5-methyl-2-phenoxy)titanium dichloride, methyIene(tert-butylcyclopentadienyl)(3-phenyl-2-phenoxy)tita- 
nium dichloride, methylene(tert-butylcyclopentadienyl)(3-tert-butyldlmethylsilyl-5-methyl-2-phenoxy)titanlum dichlo- 
ride, methylene(tert-butylcyclopentadienyl)(3-trimethyisilyl-5-methyi-2-phenoxy)titanium dichloride, -methylene(tert- 
butyicyclopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanlum dichloride, methylene(tert-butylcyclopentadienyl) 
(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride, methylene(tetramethylcyciopentadienyl)(3,5-dimethyl- 
2-phenoxy)tltanium dichloride, melhylene(tetrannethylcyciopentadlenyl)(3-tert-butyi-2-phenoxy)tltanium dichloride, 
methylene(tetramethylcyclopentadlenyl)(3-tert-butyl-5-methyl-2-phenoxy)tltanium dichloride, methylene(tetramethyl- 
cycIopentadienyl)(3-phenyl-2-phenoxy)titanium dichloride, methylene(tetramethylcyciopentadienyi)(3-tert-butyld- 
lmethylsilyl-5-methyi-2-phenoxy)tltanlum dichloride. methylene(tetramethyicyciopentadienyl)(3-trimethyisi!yl-5-me- 
thyi-2-phenoxy)titanium dichloride, methylene(tetramethylcyclopentadienyI)(3-tert-butyl-6-methoxy-2-phenoxy)tltanl- 
um dichloride, methylene(tetramethylcyclopentadienyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride, methylene 
(trimethylsilylcyciopentadlenyl)(3,5-dlmethyl-2-phenoxy)titanlum dichloride, methylene(trlmethylsilyicyclopentadienyl) 
{3-tert-butyi-2-phenoxy)titanium dichloride, methylene(trimethylsiiylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phe- 
noxy)tltanium dichloride, methyiene(trimethylsilylcyclopentadienyl)(3-phenyl-2-phenoxy)tltanium dichloride, methyl- 
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ene(trimethylsilylcyclopentadienyl)(3-tert-butyldimethy(silyl-5-methyl-2-phenox^^ dlchloride, methylene(tn- 

methylsilylcyclopentadienyl)(3-trlmethylsilyl-5-methyl-2-pfienoxy)titanium dichloride, methyIene(trimGthylsilylcy- 
clopentadlenyl)(3'tert-butyl-5-metho)(y-2-phenoxy)titanlum dichloride. methylene(trimethylsilylcyclopentadienyl) 
{3-tert-butyl-5-chloro-2-phenoxy)titanium dicliloride, methylene(fIuorenyl)(3,5-dimetliyl-2-phenoxy)titanlum 
dichloride, methylene(fluorenyl)(3-tert-butyl-2-phenoxy)tltanium dlchloride, methylene(fiuorenyl){3-tert-butyl-5-methyI- 
2-phenoxy)titanlum dichloride, nnethylene(fluorenyl)(3-phenyl-2-phenoxy)tltanlum dichloride, nnethylene(fluorenyl) 
(3-tert-butyldimethyisilyl-5-methyl-2-phenoxy) titanium dichloride. methylene(fluorenyl)(3-trimethylsilyl-5-methyl- 
2-phenoxy)titanlum dlchloride, methylene(fluorenyl)(3-tert-butyl-5-methoxy-2-phenoxy)tltanlum dichloride, methylene 
{fluorenyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride, isopropylldene(cyclopentadienyl)(3,5-dimethyl- 
2-phenoxy)titanlum dichloride, isopropylldene(cyclopentadlenyl){3-tert-butyl-2-phenoxy)titanium dlchloride. Isopropytl- 
dene(cyclopentadlenyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride, isopropylidene(cyclopentadienyl)(3-phe- 
nyl-2-phenoxy)titanlum dichloride, isopropyiidene(cyclopentadienyl)(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)tita- 
nlum dlchloride. isopropylldene(cyclopentadlenyi)(3-trimethyisiiyl-5-methyi-2-phenoxy)titanium dichloride, Isopropyli- 
dene(cyclopentadlenyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, isopropylidene(cyclopentadienyi) 
(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride. isopropylidene(methylcyciopentadlenyl)(3,5-dimethyl-2-phenoxy) 
titanium dichloride, jsopr9pylidene(methylcyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride, isopropyiidene 
(methylcyclopentadienylj(3-tert-butyl-5-methyl-2-phenoxy)titanlum dichloride, isopropylidene(methylcyclopentadi- 
enyl)(3-phenyl-2-phenoxy)tltanium dlchloride, lsopropylidene(methylcyclopentadienyl)(3-tert-butyldimethylsilyl-5-me- 
thyi-2-phenoxy)titanium dichloride, Isopropylldene(methyicyclopentadienyi) (3-trimethylsilyl-5-methyi-2-phenoxy)tita- 
nlum dlchloride, isopropylidene(methylcyclopentadienyl) (3-tert-butyl-5-methoxy-2-phenoxy)tltanium dlchloride, iso- 
propylidene(methylcyclopentadienyl) (3-tert-butyl-5-chloro-2-phenoxy)titanlum dlchloride, lsopropyHdene(tert- 
butylcyclopentadienyl)(3,5-dlmethyl-2-phenoxy)titanium dichloride, isopropylidene(tert-butylcyciopentadienyl)(3-tert- 
butyl-2-phenoxy)titanium dichloride, isopropylidene(tert-butylcyclopentadlenyl)(3-tert-butyl-5-methyl-2-phenoxy)titani- 
um dichloride, isopropylidene(tert-butylcyciopentadienyi)(3-phenyt-2-phenoxy)titanium dichloride. lsopropylidene(tert> 
butylcyclopentadienyl)(3-tert-butyldimethylsilyl-S-methyl-2-phenoxy)titanlum dlchloride, isopropylidene(tert-butylcy- 
clopentpdlenyl)(3-trimethylsilyi-5-methyl*2-phenoxy)titanlum dichloride, isopropylidene(tert-butylcyclopentadienyt) 
(3-tert-butyl-5-methoxy-2-phenoxy)tltanium dichloride, isopropylidene(tert-butylcyclopentadlenyl){3-tert4)utyl-5-chlo- 
ro-2-phenoxy)titanlum dichloride, isopropyiidene (tetramethylcyclopentadienyl)(3, 5 -dimethyl -2-p hen oxy)titanl- 
um dichloride, isopropylidene(tetramethylcyclopentadienyl)(3-tert-butyl-2-phenoxy)tltanium dichloride, isopropyiidene 
(tetramethylcyclopentadienyl)(3-tert-butyl-5-methyI-2-phenoxy)titanium dichloride, isopropylidene(tetramethylcy- 
olopentadienyl)(3-phenyi-2-phenoxy)titanium dichloride, lsopropylldene(tetramethylcyclopentadienyl)(3-tert-butyld- 
imethylsllyl-5-methyl-2-phenoxy)titanium dlchloride, isopropylidene(tetramethylcyclopentadlenyl)(3-trimethylsilyl- 
5-methyI-2-phenoxy)titanlum dichloride, isopropylidene(tetramethy!cyclopentadienyl)(3-tert-butyI-5-'methoxy-2-phe- 
noxy)titanium dichloride, isoprcpylidene(tetramethylcyclopentadlenyl)(3-tert-butyl-5-chloro-2-phenoxy)titanlum dichlo- 
ride, isopropylidene(trimethylsilylcyclopentadienyl)( 3,5-dimethyl-2-phenoxy)titanlum dichloride, isopropyiidene 
(trimethylsllylcyclopentadienyl)(3-tert-butyl-2-phenoxy)tltanlum dichloride, isopropylidene(trimethyisilylcyclopentadi- 
enyl)(3-tert-butyl-5-methyl-2-phenoxy)tltanlum dichloride, lsopropylldene(trimethylsllylcyclopentadienyl)(3-phenyl- 
2-phenoxy)titanlum dichloride, isopropylidene{trimethyIsilylcyciopentadienyl)(3-tert-butyldlmethyisllyl-5-methyl-2-phe- 
noxy)titanium dlchloride, lsopropylidene{trimethylsilyIcyclopentadienyl)(3-trimethylsilyl-5-methyl-2-phenoxy)titanium 
dichloride. isopropylidene(trlmethylsilylcyclopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, iso- 
propyIidene{trimethylsilylcyclopentadienyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride, isopropyiidene 
(fluorenyl)(3,5-dimethyl-2-phenoxy)titanium dichloride, isopropylidene(fluorenyl)(3-tert-butyl-2-phenoxy)titanium 
dichloride, lsopropyiidene(fluorenyi)(3-tert-butyl-5-methyi-2-phenoxy)titanium dichloride, Isopropylidene(fluorenyl) 
(3-phenyl-2-phenoxy)titanium dichloride, isopropylidene(fluorenyl)(3-tert-butyldlmethylsllyl-5-methyl-2-phenoxy)titani- 
um dichloride, isopropylidene(f!uorenyl)(3-trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride, isopropylidene(fluore- 
nyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, isopropylidene{fluorenyl)(3-tert-butyl-5-chloro-2-phenoxy) 
titanium dichloride, diphenyImethylene(cyclopentadienyl)(3,5-dimethyl-2-phenoxy)titanium dichloride, diphenyl- 
methylene(cyclopentadlenyl)(3-tert-butyl-2-phenoxy)titanium dichloride, diphenylmethylene(cyclopentadienyl)(3-tert- 
butyl-5-methyl-2-phenoxy)tltanium dichloride, diphenylmethylene(cyclopentadlenyl)(3-phenyl-2-phenoxy)titanium 
dichloride, diphenylmethylene{cyclopentadienyl)(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,' 
djphenylmethylene(cyclopentadienyl)(3-trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride, dlphenylmethylene(cy- 
clopentadtenyl)(3-tert-butyi-5-methoxy-2-phenoxy)titanium dlchloride, diphenylmethylene(cyc!opentadienyl){3-tert- 
butyl-5-chloro-2-phenoxy)titanlum dlchloride, dlphenylmethylGne(methylcyclopentadienyl)(3,5-dimethyl-2-phe- 
noxy)titanium dichloride, dlphenylmethylene(methyicyclopentadlenyl){3-tert-butyl-2-phenoxy)titanium dichloride, 
diphenylmethylene{methylcyclopentadienyl)(3-tert-butyl-5-methy!-2-phenoxy)titanlum dichloride. diphenylmethylene 
(methylcyclopentadienyl)(3-phenyl-2-phenoxy)titanium dichloride, diphenylmethylene(methytcyclopentadienyl)(3-tert- 
butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride, diphenylmethylene(methylcyclopentadienyl)(3-trimethylsi- 
lyl-5-methyl-2-phenoxy)titanium dichloride, diphenylmethylene(methylcyclopentadienyl)(3'tert-butyl-5-methoxy- 
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2-phenoxy)tltanium dichloride, diphenylmethylene(methylcyclopentadienyl)(3-tert-butyl-5-chIoro-2-phenoxy)titanium 
dichloride. diphenylmethylene(lert-butylcyclopentadjenyl) (3,5-dlmethyl-2-phenoxy)titanlum dichloride, diphenyl- 
methylene(tei1-butylcyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride, dlphenylmethytene(tert-butylcy- 
clopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)tltanlum dichloride, diphenylmethylene(tert-butylcyclopentadlenyl) 
(3-phenyl-2-phenoxy)titanlum dichloride, dfphenylmethylene(tert-buty!cyclopentadienyl)(3-tert-butyldimethylsllyl- 
5-melhyl-2-phenoxy)titanium dichloride, dlphenylmethylene(tert-butylcyclopentadienyl)(3-trimethylsilyl-5-methyl- 
2-phenoxy)titanium dichloride, dlphenyImethylene(tert-butylcyclopentadlenyl)(3-tert-butyl-5-methoxy-2-phenoxy)tita- 
nium dichloride, diphenylmethylene(teit-butyIcyclopentadlenyl)(3-teri-butyl-5-chtoro-2-phenoxy)titanium dichloride. 

diphenylmethy!ene{tetramethylcyclopentadienyl)(3,5-dimethyl-2-phenoxy)titanium dichloride, diphenylmethyl- 
ene(tetramethylcyclopentadienyl)(3-tert-butyl-2-phenoxy)titanlum dichloride, diphenylmethylene(tetramethylcy- 
clopentadienyl)(3-tert-butyi-5-methyl-2-phenoxy)titanium dichloride, diphenylm ethyl en e(tetramethylcyciopentadienyl) 
(3-phenyl-2-phenoxy)titanium dichloride, diphenyImethylene(tetramethylcyclopentadlenyl)(3-tert-butyldimethylsilyl- 
5-methyl-2-phenoxy)titanlum dichloride, dlphenylmethylene(tetramethylcycIopentadienyl)(3-trimethylslIyl-6-methyl- 

2- phenoxy)titanium dichloride, diphenylmethylene(tetramethylcyclopentadienyl){3-tert-butyl-5-methoxy-2-phenoxy)tl- 
tanium dichloride, diphenylmethylene(tetramethylcyclopentadienyi)(34ert-butyl-5-chloro-2-phenoxy)titanium dichlo- 
ride, diphenylriiethylene(trimethylsiiylcyclopehtadienyl)(3, 5-dimethyl-2-phen6xy)titanium dichloride, diphenylmethyl- 
ene(trimethylsilylcyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride, diphenylm ethylene(trimethylsl lylcy- 
clopentadlenyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride, diphenylmethylene(trimethylsllylcyclopentadi- 
enyt)(3-phenyl-2-phenoxy)titanlum dichloride, diphenytmethylene(trimethyisilylcyclopentadienyl)(3-tert-butyldimethyl- 
silyl-5'methyl-2-phenoxy)titanium dichloride, dipheny(methylene(trimethylsilylcyclopentadienyl)(3-trimethylsilyl-5-me- 
thyl-2-phenoxy)titanium dichloride, diphenylmethyiene(trinnethylsilylcyclopentadienyl)(3-tert-butyl-5*methoxy-2-phe- 
noxy)titanium dichloride, diphenylmethylene(trimethylsilylcyclopentadienyl)(3-tert-butyl-6-chloro-2-phenoxy)titanlum 
dichloride, diphenylmethylene(fiuorenyl)(3,5-dimethyl-2-phenoxy)titanium dichloride, diphenylmethy!ene(fluore- 
nyl)(3-tert-butyl-2-phenoxy)titanium dichloride, dlphenylnnethyiene(fluorenyl)(3-tert-butyl-5-nnethyl-2-phenoxy)tltanl- 
um dichloride, diphenylmethylene(fluorenyl)(3-phenyl-2-phenoxy)titanium dichloride, diphenylmethylene(fluorenyl) 
(3-tert-bgtyldimethylsilyl-5-nnethyl-2-phenoxy)titaniunn dichloride, diphenylmethylene(fluorenyl)(3-trinnethylsltyl-5-nne- 
thyl-2-phenoxy)titanium dichloride, diphenylnr»ethylene(fluorenyl)(3-tert-butyl-5-methoxy-2-phenoxy)titantum dichlo- 
ride, diphenylmethylene(fluorenyl)(3-tert-butyl-6-chloro-2-phenoxy)titanium dichloride, dimethylsilyiene(cy- 
clopentadienyl)(2-phenoxy)titanium dichloride, dimethylsilylene-(cyclopentadienyl)(3-methyl-2-phenoxy)titanlum 
dichloride, dimethylsilylene(cyclopentadienyl)(3,5-dimethyl-2-phenoxy)tltanium dichloride, dlmelhylsilylene(cyclopen- 
,tadienyl)(3-tert-butyl-2-phenoxy)tltaniunn dichloride, dimethylsilylene(cyclopentadienyl)(3-tert-butyl-5-methyl-2-phe- 
noxy)titanium dichloride, dimethylsilylene(cyclopentadienyl)(3,5-di-tert-butyl-2-phenoxy)titanium dichloride, dlmethyl- 
silylene(cyclopentadienyl)(5-methyl-3-phenyl-2-phenoxy)titanlum dichloride, dimethylsiIylene(cyclopentadienyI) 
(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)titaniunn dichloride, dimethylsilylene(cyclopentadienyi)(5-methyi-3-tri- 
methylsilyl-2-phenoxy)titanium dichloride, dimethylsilylene(cyclopentadlenyl)(3-tert-butyi-5-methoxy-2-phenoxy)tita- 
nium dichloride, dimethylsilylene(cyciopentadienyl){3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride, dimethylsi- 
lylene(cyclopentadienyl)(3,5-dianr)yl-2-phenoxy)titaniunn dichloride, dinnethylsilylene(methylcyclopentadienyl) 
(2-phenoxy)titanium dichloride, dlniethytsllylene(methylcyclopentadienyl)(3-methyl-2-phenoxy)titanium dichloride. 
dimethylsilylene(methylcyclopentadlenyl)(3,5-dimethyl-2-phenoxy)tltanium dichloride, dimethylsilylene(methylcy- 
clopentadienyi)(3-tert-butyl-2-phenoxy)titanium dichloride, dimethylsilylene(methylcyc!opentadienyl)(3-tert-butyl- 

5- methyl-2-phenoxy)titaniunn dichloride, dimethylsilylene(methylcyclopentadienyl)(3,5-di-tert-butyl-2-phenoxy)titani- 
um dichloride, dimethylsilylene(methylcyclopentadienyl)(5-methyI-3-phenyl-2-phenoxy)titanium dichloride, dinnethyls- 
ilylene(nriethylcyclopentadrenyl)(3-tert-butyldimethyIsilyl-5-nriethyl-2-phenoxy)titanluni dichloride, dimethylsilylene 
(methylcyclopentadienyl) (5-nnethyl-3-trinnethylsilyl-2-phenoxy)titanium dichloride, dimethylsrlylene(methylcyclopenta- 
dienyl) (3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, dinnethylsilylene(methylcyclopentadienyl) (3-tert-butyl- 

6- chloro-2-phenoxy)titaniunn dichloride, dimethylsllylene(methylcyclopentadlenyl)(3.5-dlamyl-2-phenoxy)titanium 
dichloride, dinnethylsilylene(n-butylcyciopentadienyl)(2-phenoxy)titanium dichloride, dimethylsilylene(n-butylcyclopen- 
tadienyl)(3-methyl-2-phenoxy)titanium dichloride, dimethylsilylene(n-butylcyclopentadienyl)(3,5-dlmethyl-2-phenoxy) 
titanium dichloride, dimethylsilylene(n-butylcyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride, dimethylsl- 
lyiene(n-butylcycIopentadlenyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride, dlmethylsllylene(n-butylcy- 
clopentadlenyl)(3,5-dl-tert-butyl-2-phenoxy)tltanium dichloride, dimethylsilylene(n-butylcyctopentadlenyl)(5-methyl- 

3- phenyl-2-phenoxy)titanium dichloride, dimethylsilylene(n-butylcyclopentadienyl)(3-tert-butyIdimethylsilyl-5-methyl- 
2-phenoxy)tltanlum dichloride, dimethylsllylene(n-butylcyclopentadlenyl)(5-methyl-3-trimethytsilyl-2-phenoxy)titanlum 
dichloride, dimethyIsilylene(n-butylcyclopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, dimethyls- 
ilylene(n-butylcyclopentadlenyl)(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride, dimethylsllylene(n-butylcy- 
clopentadlenyl){3.5-dlamyl-2-phenoxy)titanium dichloride, dimethylsilylene(tert-butylcyclopentadienyl)(2-phe- 
noxy)titanium dichloride, dimethylsilylene(tert-butylcyclopentadienyl)(3 -methyl -2 -phenoxy)titanium dichloride, dimeth- 
ylsilylene(tert-butylcyclopentadienyl)(3,5-dimethyl-2-phenoxy)titanium dichloride, dimethylsilylene(tert-butylcyclopen- 
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tadienyl)(3-tert-butyl-2-phenoxy)titanium dichloride, dimethylsilylene(tert-butyIcyclopentadieny!)(3-tert-butyl-5-methyl- 
2-phLenoxy)titanlum dichloride. dimethylsllylene(tert-butylcyclopentadienyl)(3,6-di-tert-butyl-2-phenoxy)titanium 
dichloride. dimethylsllylene(teit-butylcyclopentadlenyl)(5-methyl-3-phenyl-2-phenoxy)tltanium dichloride. dimethylsl- 
lylene(tert-butylcyclopentadlenyl)(3-tert-butyldlmethylsllyl-5-methyl-2-phenoxy)trt^^ dichloride. dimethylsllylene 
(tert-butylcyclopentadlenyl)(5-methyl-3-trimethyIsllyl-2-phenoxy)titanium-dlchloride, dlmethylsilylene(tert-butylcy- 
clopentadlenyl)(3-tert-butyl-5-methoxy-2-phenoxy)tltanlum dichloride, dimethylsilylene(tert-butylcyciopentadlenyi) 
(3-tert-butyl-5-chloro-2-phenoxy)titanlum dichloride. dimethylsilylene(tert-butylcyclopentadienyl)(3.5-diamyl-2-phe- 
noxy)titanlum dichloride, dimethylsilylene(tetramethylcyclopentadienyl)(2 -phenoxy) titanium dichloride, dimeth- 
ylsilylene(tetramethylcyclopentadienyl)(3-methyl-2-phenoxy)tltanlum dichloride, dimethylsilylene(tetramethylcy- 
ciopentadienyi)(3,5-dimethyl-2-phenoxy)titanIum dichloride, dlmethylsiiylene(tetramethylcyclopentadlenyl)(3-tert- 
butyi-2-phenoxy)titanium dichloride, dimethylsilylene(tetramethyicyc!opentadienyl)(3-tert-butyl-5-methyl-2-phenoxy) 
titanium dichloride. dimethylsilylene(tetramethylcyclopentadienyl)(3,5-di-tert-butyi-2-phenoxy)tltanlum dichloride, 
dimethylsllylene(tetramethylcyclopentadienyl)(5-methyl-3-phenyi-2-phenoxy)titanium dichloride, dimethylsilylene(te- 
tramethyIcyclopentadienyt)(3-tert-butyldimethyisiIyl-5-methyl-2-phenoxy)titanium dichloride. dimethyls 
thylcyclopentadienyl)(5-methyl-3-trimethyisilyl-2-phenoxy)titanlum dichloride. dimethylsllylene(tetramethylcyclopenta- 
dienyl)(3-t6rt-butyi-5-methoxy-2-phenoxy)titanium dichloride, dimethylsiiylene(tetramethylcyclopentadlenyl)(3-tert- 
butyl-5-chloro-2-phenoxy)tltanium dichloride. dimethylsllylene(tetramethylcyclopentadlenyi)(3,6-dlamyl-2-phenoxy)tl- 
tanium dichloride, dimethylsilylene(trimethylsllylcyclopentadienyi )(2-phenoxy)titanlum dichloride. dimethylsl- 
lylene(trimethylsilylcyclopentadienyl)(3-methyl-2-phenoxy)titanium dichloride. dimethylsilylene(trimethylsilylcyclopen- 
tadienyi)(3,5 -dlmethyl-2-phenoxy)titanlum dichloride, dimethylsllylene(trimethylsllylcyclopentadlenyl)(3;tert-butyl- 
2-phenoxy)titanlum dichloride. dimethylsllylene(trimethylsilylcyclopentadlenyl)(3-tert-butyl-5-methyl-2-phenoxy)tltanl- 
um dichloride, dimethylsilyiene(trimethyisllylcyciopentadlenyi)(3,5 -di-tert-butyl-2-phenoxy)titanium dichloride, dimeth- 
y!siiylene(trimethylsiiylcyclopentadienyl)(5-methyl-3-phenyl-2-phenoxy)titanlum dichloride. dimethylsilylene(trimethyl- 
silylcyclopentadienyl)(3-tert-bulyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride. dimethylsilylene(trimethylsilyl- 
cyclopentadienyl)(5-methyl-3-trimethylsllyl-2-phenoxy)tltanium dichloride, dimethylsilylene(trimethylsllylcyclopentadi- 
enyi)(3:tert-butyl-5-methoxy-2-phenoxy)titanlum dichloride. dlmethylsilylene{trimethylsilylcyclopentadienyl)(3-tert- 
buty!-S-chloro-2-phenoxy)titanlum dichloride, dimethylsilylene(trimethylsilylcyclopentadlenyl)(3,5 -dlamyl-2-phenoxy) 
titanium dichloride. dimethylsllylene(indenyl)(2-phenoxy)tltanium dichloride, dimethylsilylene(lndenyl)(3-methyl- 
2-phenoxy)titanium dichloride, dimethyisilylene(indenyl)(3,5-dimethyl-2-phenoxy)titanium dichloride, dimethylsilylene 
(indenyl)(3-tert-butyi-2-phenoxy)titanium dichloride, dimethylsilylene{indenyl){3-tert-butyl-5-methy!-2-phenoxy)tltanl- 
•urn dichloride, dimethylsilylene(lndenyl)(3.5-dl-tert-butyl-2-phenoxy)titanlum dichloride. dimethytsilylene(indenyl) 
(5-methyi-3-phenyl-2-phenoxy)titanium dichloride. dimethylsilylene(indenyl)(3-tert-butyldlmethylsilyl-5-methyl-2-phe- 
noxy)titanium dichloride. dimethylsilylene(indenyl)(5-methyl-3-trimethyisilyl-2-phenoxy)titanium dichloride, dimethyls- 
ilylene(indenyl)(3-tert-butyi-5-methoxy-2-phenoxy)titanium dichloride, dlmethyisilylene(indenyl)(3-tert-butyl-5-chloro- 
2-phenoxy)titaniMm dichloride. dime-thylsiiylene(indenyl) (3,5-diamyl-2-phenoxy)titanium dichloride, 

dimethylsilylene(fiuorenyl)(2-phenoxy)tltanium dichloride, dimethylsilylene(fluorenyl)(3-methyi-2-phenoxy)titani- 
urn dichloride, dlmethylsilylene(fluorenyl)(3,5-dlmethyl-2-phenoxy)titanium dichloride, dimethylsilylene(fiuorenyl) 
(3-tert-butyl-2-phenoxy)titanium dichloride, dimethylsllylene(fluorenyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium 
dichloride, dimethylsilylene(fiuorenyl)(3,5-dl-tert-butyl-2-phenoxy)titanlum dichloride, dlmethylsilylene(fluorenyl) 
(5-methyl-3-phenyl-2-phenoxy)titanium dichloride, dimethyisilyiene(fluorenyl)(3-tert-butyldimethylsiiyl-5-methyl- 
2-phenoxy)titanlum dichloride, dimethylsilylene(fiuorenyl)(5-methyl-3-trimethylsilyi-2-phenoxy)titanium dichloride. 
dlmethylsHylene(fluorenyl){3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride, dimethyisilylene(fluorenyl)(3-tert- 
butyl-5-chloro-2-phenoxy)titanium dichloride, dimethyisilylene(fluorenyl)(3.S-dlamyl-2-phenoxy)titanium dichloride, 
drmethylsilylene(tetramethylcyciopentadienyl)(1-naphthox-2-yl)tltanlum dichloride, (tert-butylamldo)tet-ramethylcy- 
clopen-tadienyl-1 .2-ethanediyltitanium dichloride. (tert-butylamido)tetramethylcyclopentadienyl-l ,2-ethanediyltitani- 
um dimethyl, (tert-butylamido)tetramethylcyclopentadienyl-1.2-ethanediyltitanium dibenzyl, (methylamido)tetrameth- 
ylcyclopentadienyl-1 ,2-ethanediyititanium dichloride, (ethylamido)tetramethyicyclopentadienyl-l ,2-ethanediyltitanlum 
dichloride, (tert-butylamido)tetramethylcyclopentadienyldimethylsilane titanium dichloride, (tert-butylamido) 
tetramethylcyclopentadienyldlmethylsllane titanium dimethyl, (tert-butylamldo)tetramethylcyclopentadlenyldlmethylsi- 
lane -titanium dibenzyl. (benzylamldo)tetramethylcyclopentadienyl-dimethylsilanetitanium dichloride, (phenylphos- 
phido)tetramethyicyclopentadienyldimethyl -silanetitanium dibenzyl, (tert-butylamldo)indenyl-l ,2-ethanediyltitanium 
dichloride, (tert-butylamido)indenyl-l ,2-ethanediyititanium dimethyl, (tert-butylamido)tetrahydroindenyl-l .2-ethanedi- 
yltitanium dichloride, (terl-butylamido)tetrahydroindenyl-1,2-ethanediyltitanium dimethyl, (tert-butylamido)fluorenyl- 
1,2-ethanediyltitanium dichloride. (tert-butylamido) fluorenyM .2-ethanedlyltitanlum dimethyl, (tert-butylamido)lnde- 
nyldimethylsilanetitanium dichloride, (tert-butyiamido)indenyldimethylsilanetitanium dim ethyl, (tert-butylamido) 
tetrahydroindenyldimethylsilanetitanium dichloride, (tert-butylamido)tetrahydroindenyldlmethylsilanetitanium dimethyl, 
(tert-butylamldo)fluorenyldimethylsilanetitanium dichloride, (tert-butylamido)fluorenyldimethylsilanetitanlum dimethyl. 

(dimethylaminomethyl)tetramethylcyclopentadieny 1 -titanium(lll) dichloride, (dimethylamlnoethyl)tetramethylcy- 
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clopentadienyl-titanium(MI) dichloride, (dimethylaminopropyl)tetraniethylcyclopentadlenyl-tltanium(lll) dichloride, (N- 
pyrrolldlnylethyOtetramethylcyclopentadlenyl-tltanlum dichloride, (B-dimethylamlnoborabenzene)cyclopentadieny!zir- 
conium dichloride, cyclopentadienyl(9-mesityiboraanthracenyl)zlrconium dichloride, 2,2'-thiobls(4-nnethyl-6-tert-butyl- 
phenoxy)titanlum dichloride, 2,2'-thiobis[4-methyl-6-(1-methylethyl)phenoxy]titanlum dichloride, 2,2'-thiobis 
(4,6-dimethylphenoxy)tjtanium dichloride, 2,2'-thiobls(4-methyl-6-tert-butylphenoxy)titanium dichloride, 2,2'-methyl- 
enebis(4-methyl-6-tert-butylphenoxy)titanium dichloride, 2,2'-ethylenebls(4-methyl-6-tert-butylphenoxy)tltanium 
dichloride, 2,2'-sulflnylbls(4-methyl-6-tert-butylphenoxy)titanlum dichloride, 2,2*-(4,4'.6,6'-tetra-tert-butyi-1 , 1 '-biphe- 
noxy)titanium dichloride, 2,2*-thlobis(4-methyl-6-tert-butylphenoxy)titanium dilsopropoxide, 2,2'-methylenebls(4-me- 
thyl-6-tert-butyiphenoxy)titanium dilsopropoxide, 2,2*-ethyienebis(4-methyl-6-tert-butylphenoxy)tltanlum dilsopropox- 
ide, 2,2*-sulfinyibis(4-methyl-6-tert-butyiphenoxy)tltanium dlisopropoxide, (dl-tert-butyl-1 ,3-propanediamldo)tltanlum 
dichloride, {dicyclohexyl-1 ,3-propanediamido)titanium dichloride, [bis(trimethylsilyl)-1 ,3-propanediamidoJtltanium 
dichloride, [bis(tert-butyldimethylsllyl)-1 ,3-propanediamido]tltanium dichloride, [bis(2.6-dimethylphenyl)-1 .3-propane- 
diamidojtitanium dichloride. [bls(2,6-dllsopropylphenyl)-1 ,3-propanediamido]tltanlum dichloride, [bls(2,6-dl-tert-butyl- 
phenyi)-1,3-propanedlamldo]titanium dichloride, [bis(triisopropylsllyl)naphthalenedlamldo]titan ium dichloride, 
(bis(trimethyisilyl)naphthalenediamido]titanium dichloride, [bis(tert-butyldimethyisilyI)naphthalenediamldoltltanium 
dichloride, [bis(tert-butyldimethylsilyl)naphthaienedianiidoltltanium dibromide, [hydrotris(^ 

titanium trichloride, [hydrotris(3,5-dimethylpyrazolyl)borate]titanium tribromlde, [hydrotris(3,5-dlmethylpyrazolyl)bo- 
rate]titanium triiodide, [hydrotris{3.5-diethylpyrazolyl)borate]titanium trichloride, [hydrotris{3,5-dlethylpyrazolyl)borate] 
titanium tribromide. [hydrotris(3,5-dlethylpyrazolyl)borate]tltanium triiodide, [hydrotrls(3,5-dl-tert-butylpyra2olyl) 
boratejtitanlum trichloride, [hydrotris(3,5-di-tert-butylpyrazolyl)borate]tltanium tribromide, [hydrotris(3.5-di-tert- 
butyipyrazolyl)borate]titanlum triiodide, [tris(3,5-dlmethylpyrazoIyl)methyi]titanium trichloride, [tris(3.5-dimethylpyra- 
zolyi)methylltltanium tribromide, [tris(3,5-dimethylpyrazolyl)methyl]titanium triiodide, [tris(3,5-diethylpyrazoly I) methyl] 
titanium trichloride, [tris{3,5-dlethylpyrazolyl)methyl]titanlum tribromide, [tris{3,5-diethytpyrazolyl)methyl]tltanium triio- 
dide, [tris(3,5-di-tert-butylpyrazolyl)methyl]titanlum trichloride, [trls(3,6-dl-tert-butylpyrazolyl)methyl]tltanium tribro- 
mide, [tris(3,5-di-tert-butylpyrazolyl)methyl]titanlum triiodide and the like, compounds in which titanium of these com- 
pounds is replaced with zirconium or hafnium, compounds In which {2-phenoxy) is replaced with {3-phenyl-2-phenoxy), 
(3-trimethyisiIyl-2-phenoxy) or (3-tert-butyldimethylsilyl-2-phenoxy), compounds in which dimethylsilylene Is replaced 
with diethylsilylene. diphenyisllylene or dimethoxysiiylene, corhpounds in which dichloride Is replaced with difluoride, 
dibromlde, diiodide dimethyl, dimethyl, diethyl, diisopropyl, bis(dimethylamido), bis(diethylamido), dimethoxide, dl- 
ethoxide, di-n-butoxide, dilsopropoxide or bls(diacetoxy). 

[0065] Among metal compounds represented by the general f omiula [4], specific examples of the compound In which 
the metal atom is a nickel atom include 2,2*-methylenebis[(4R)-4-phenyl-5,5'-dimethyloxazoline]nickel dichloride, 2,2*- 
methylenebis[{4R)-4-phenyl-5,5'-dimethyloxazoline]nickel dibromide, 2,2'-methylenebis[(4R)-4-phenyl-5.5'-diethyl- 
oxazoline]nickel dichloride, 2,2'-methylenebis[(4R)-4-phenyl-5,5'-diethyloxazoline]nickel dibromide, 2.2'-methyIenebls 
[(4R)-4-phenyl-5,5'-di-n-propyloxazoline]nickel dichloride, 2,2'-methylenebis[(4R)-4-phenyl-5.5'-dl-n-propyloxaZoline] 
nickel dibromide, 2,2*-methylenebis[(4R)-4-phenyl-5.5'-dltsopropyloxazollne]nlckel dichloride, 2,2*-methylenebis((4R)- 
4-phenyl-5,5'-diisopropyloxazoline]nickel dibromide, 2,2'-methylenebis[(4R)-4-phenyl-5,5'-dlcyclohexyloxazolinel 
nickel dichloride, 2,2'-methylenebis[(4R)*4-phenyl-5,5*-dicyclohexyloxazoline]nickel dibromide. 2,2'-methylenebls[ 
{4R)-4-phenyl-5,5'-dlmethoxyoxazoIine]nickel dichloride. 2,2'-methylenebis[{4R)-4-phenyl-5.5'-dimethoxyoxazoiine] 
nickel dibromide, 2,2'-methylenebis[(4R)-4-phenyl-5,5'-diethoxyoxazoline]nickel dichloride, 2,2*-methylenebis[(4R)- 
4-phenyl-5,5'-dlethoxyoxazollneJnickel dibromide, 2,2'-methylenebis[(4R)-4-phenyI-5,5'-diphenyloxazolinelnickel 
dichloride, 2,2'-methylenebls[(4R)-4-phenyl-5,5'-diphenyloxazolinelnickel dibromide. methylenebis[(4R)-4-methyl- 
5,5'-dl-(2-methylphenyl)oxazolinelnickel dibromide, methylenebis[(4R)-4-methyl-5.6*-di-(3-methylphenyl)oxazoline] 
nickel dibromide, methylenebis[(4R)-4-melhyl-5,5'-dl-(4-methylphenyl)oxazoline]nickel dibromide. methylenebls[(4R)- 
4-methyl-5,5'-dl-(2-methoxyphenyl)oxazoline]nickel dibromide, methylenebis[(4R)-4-methyl-5,5'-di-(3-methoxyphe- 
nyl)oxazoline]nickei dibromide, methylenebis[(4R)-4-methyl-5,5'-di-(4-methoxyphenyl)oxazoiine]nlckel dibromide. 
methylenebis[spiro{(4R)-4-methyloxazoline-5,1'-cyclobutanel]nickel dibromide, methylenebis[spiro{(4R)-4-methyl- 
oxazollne-5.V-cyclopentane)]nickel dibromide, methylenebis[splro{(4R)-4-methyloxazoline-5,r-cyclohexane}]nickel 
dibromide, methylenebis[spiro{(4R)-4-methyloxazoline-5,V-cycloheptane}]nickel dibromide, 2,2'-methylenebis[{4R)- 
4-lsopropyl-5,5-dimethyloxazoline]nickel dibromide. 2,2* -methylenebis[(4R)-4-isopropyl-5.5-diethyloxazoline]nlckeldl- 
bromide, 2,2'-methylenebis[{4R)-4-isopropyl-5,5-dl-n-propyloxazoiine]nlckel dibromide, methylenebis[(4R)-4-isopro- 
pyl-5,5-diisopropyloxazoline]nickel dibromide. 2,2'-methylenebis((4R)-4-isopropyl-5,5-dicyclohexyloxazoline]nickel di- 
bromide, 2.2'-melhylenebis[(4R)-4-lsopropyl-5,5-diphenyloxazoHne]nlckel dibromide. 2,2*-methylenebls[{4R)-4-iso- 
propyl-5.5-di-(2-methylphenyl)oxazoline]nickel dibromide, 2.2'-methylenebis[(4R)-4-isopropyl-5,5-di-(3-methylphenyl) 
oxazolinelnickel dibromide. 2,2'-methylenebis[(4R)-4-isopropyl-5,5-di-(4-methylphenyl)oxazoline]nickei dibromide, 
2,2'-methylenebis[(4R)-4-isopropyl-5,5-di-(2-methoxyphenyl)oxazoline]nickel dibromide, 2,2'-methylenebis[(4R)- 
4-lsopropyl-5.5-di-(3-methoxyphenyl)oxazoline]nickel dibromide, 2,2'-methylenebis[(4R)-4Hsopropyl-5,5-di-(4-meth- 
oxyphenyl)oxazoline]nickel dibromide, 2.2'-methylenebis[spiro{(4R)-4-isopropyloxazoline-5, 1'-cyclobutane}]nlckel dl- 
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bromide, 2,2'-methylenebis(splro{(4R)-4-isopropyloxazoline-5,1 '-cyclopentaneljnlckel dlbromide, 2,2'-methyIenebls 
[splro{(4R)-4-jsopropyloxazollne-6.r-cyclohexane})nickel dibromide, 2.2*-methylenebis[splro{(4R)-4-isopropyloxazo- 
tine-5,1 '-cycloheptanellnickel dibromide, 2,2-methylenebis[(4R)-4-lsobutyi-5,5-dimethyloxazoline]nickel dlbromide. 
2,2'-methylenebls((4R)-4-lsobutyl-5,5-dlethyloxazollne]nlckel dlbromide, 2,2*-metliylenebls[(4R)-4Hsobutyl-5.5-di-n- 
propyloxazolinelnickel dibromide, 2,2'metiiylenebis[(4R)-4-isobutyl-5,5-diisopropyioxa2oilne]nickei dibromide, 2,2'- 
methylenebls[{4R)-4-lsobutyl-5,5-dicyclohexyfoxazollne]nlckel dibromide, 2,2'-methylenebls((4R)-4-isobutyl- 
6,5-diphenyloxazoline]nickel dibromide, 2,2*-metiiyIenebls[(4R)-4-lsobutyl-5,5-dl-(2-methy!phenyl)oxazoline]nlckel dl- 
bromide. 2,2'-methylenebis[(4R)-4-lsobutyl-5,5-dl-(3-methyiphenyl)oxa20linelnlckel dibromide. 2.2'-methylenebls[ 
(4R)-4-isobutyl-5,5-di-(4-methylphenyl)oxazoline]nlckel dibromide, 2,2'-methylenebis[(4R)-4-isobutyl-5.5-dl-(2-meth- 
oxyphenyl)oxazoline]nickel dibromide, 2,2'-methylenebls[(4R)-4-isobutyl-5.5-di-(3-methoxyphenyl)oxazoline]nlckel dl- 
bromide, 2,2'-methylenebls[(4R)-4-isobutyi-5,5-di-(4-methoxyphenyl)oxazoline]nlckei dibromide, 2,2'-methylenebis 
[spiro{(4R)-4-isobutyloxazoiine-5, 1 '-cyclobutane}]nickel dibromide, 2,2*-methylenebls[spiro{(4R)-4-isobutyloxazollne- 
5,1 '*cyclopentane}]nickel dibromide. 2.2'-methylenebis[spiro{(4R)-4-isobutyloxazoline-5,1 *-cyclohexane}]ntokel dibro- 
mide, 2,2'-methytenebis[spiro{(4R)-4-lsobutyloxa20line-5,1 '-cycloheptane}]nickel dibromide, 2.2*-methyienebis[(4R)- 
4-tert-butyl-5.5-dlmethy!oxazoiine]nickel dibromide, 2,2'-methylenebis[(4R)'4-tert-butyl-5,5-diethyloxazoline]nickel dl- 
bromide, 2,2'-methyienebis[{4R)-4-tert-butyl-5,5-dl-n-propyloxazoline]nlckel dibromide, 2,2'-methyienebis[(4R)-4-tert- 
butyI-5,5-diisopropyloxazoHne]nickel dibromide, 2,2'-methylenebls[(4R)-4-tert-butyl-5,5-dlpheny!oxazoline]nlckel dl- 
bromide. 2,2'-methylenebls[(4R)-4-tert-butyl-5,5-dlcyclohexyIoxazollne]nickel dibromide, 2,2*-methy!enebls[(4R)- 
4-tert-butyl-5,5-dl-(2-methylphenyl)oxazoline]ntekel dibromide, 2,2'-methylenebis[(4R)-4-tert-butyl-5,5-dl-(3-methyl- 
phenyl)oxazoline]nlckel dlbromide. 2,2*-methylenebis[(4R)-4-tert-butyl-5,5-di-(4-methyiphenyl)oxazoline]nickel dibro- 
mide, 2,2*-methylenebis[(4R)-4-tert-butyl76,6-di-(2-methoxyphenyl)oxazoline]nlckei dibromide, 2,2*-methy!enebls[ 
(4R)-4-tert-butyl-5,5-dl-(3-methoxyphenyl)oxazollne]nickel dibromide, 2,2'-methylenebis[(4R)-4-tert-butyl-5,5-di- 
(4-methoxyphenyl)oxazoiinelnickel dlbromide, 2,2*-methyienebls[spiro{(4R)-4-tert-butyloxazollne-6,1'-cyclobutane}] 
nickel dibromide, 2.2'-methylenebis[spiro{(4R)-4-tert-butyloxazoilne-5,1'-cyclopentane}lnickel dibromide, 2,2'-methyl- 
6nebls[spiro{(4R)-4-tert-butyloxazoline-5,V-cyclohexane}]nlckel dlbromide, 2,2'-methylenebls[spiro{(4R)-4-tert-buty- 
loxazolipe-5,1 '-cycloheptane}]nlckel dibromide, 2,2'-methylenebis((4R)-4-phenyl-5,5-dimethyloxazoline]nlckel dibro- 
mide. 2.2'-methylenebis[(4R)-4-phenyl-5,5-diethyloxazoIine]nickel dibromide, 2,2'-methylenebis[(4R)-4-phenyl-5,5-dl- 
n-propyloxazoline]nlckel dlbromide. 2,2'-methylenebis[(4RH-phenyl-5,6-dlisopropyloxazollne]nlckel dibromide, 2,2'- 
methyienebis[(4R)-4-phenyl-5,5-dicycioliexyloxazoiinelnickel dibromide, 2,2*-methylenebis[(4R)-4-pheny!-5,5-diphe- 
nyl)oxazo!ine]ntekel dlbromide. 2,2'-methylenebls[(4R)-4-phenyl-5,5-di-(2-methylphenyl)oxazoiine]nickel dibromide, 
2,2'-methylenebist(4R)-4-phenyI-5,5-dl-(3-methylpheny)oxazoline]nickel dlbromide, 2,2'-methylenebis[(4R)-4-phenyl- 
5,5-di-(4-methylphenyl)oxazollne]nlckel dibromide, 2.2'-methylenebis[{4R)-4-phenyl-5,5-dl-{2-methoxyphenyl)oxazo- 
line]nickel dibromide, 2,2'-methylenebis[(4R)-4-phenyl-5,5-di-(3-methoxyplienyl)oxazoline]nickel dlbromide, 2,2*- 
methylenebls[{4R)-4-phenyi-5,5-di-(4-methoxyphenyl)oxazoline]nlckel dibromide, methylenebis[splro{(4R)-4-pheny- 
loxazoline-5,r-cyclobutane}]nickel dibromide, 2,2'-methyIenebis[spiro{(4R)-4-phenyloxazollne-5,r-cyclopentane}] 
nickel dibromide, 2.2'-methylenebis[spiro{(4R)-4-phenyloxazolme-S.r-cyclohexane)]nickel dibromide. 2,2'-methyl- 
enebis[splro{(4R)-4-phenyloxazoline-5.V-cycloheptane)]nickel dibromide, 2,2*-methylenebis[(4R)-4-benzyl- 
6,5-dimethyloxazoline]nickel dibromide, 2,2'-methylenebis[{4R)-4-benzyl-6,5-dlethyloxazollne]nickel dlbromide, 2.2'- 
metliylenebls[(4R)-4-benzyl-5,5-di-n-propyloxazoIlne]nickel dlbromide, 2,2'-methylenebls[(4R)-4-benzyl-5,5-dlisopro- 
pyloxazoiine]nlckel dibromide, 2, 2'-methylenebis[(4R)-4-benzyl-5,5-dicyclohexyloxazoline] nickel dlbromide, 2,2- 
methyIenebis[(4R)-4-benzyl-5.5-diphenyl)oxazoiine]nickel dibromide, 2.2'-methyIenebis[(4R)-4-benzyl-5,5-di- 
(2-methylphenyl)oxazoline]nickel dibromlde.2.2'-methylenebis[(4R)-4-benzyl-5,5-di-(3-methylphenyl)oxazollne]nickel 
dibromide, 2,2*-methylenebis[(4R)-4-benzyl-5,5-di-(4-methylphenyl)oxazollne]nickel dibromide, 2.2*-methylenebis[ 
(4R)-4-benzyl-5, 5-di-(2-met»ioxyphenyl)oxazoline]nickel dibromide, 2,2'-methylenebis[(4R)-4-benzyl-5,5-di-{3-meth- 
oxyphenyl)oxazollne]nickel dlbromide, 2,2'-metliyIenebis[(4R)-4-benzyl-5,5-di-(4-methoxyplienyl)oxazoline]nickel di- 
bromide. 2.2'-metiiylenebis(spiro{(4R)-4-benzyloxazoline-5,1*-cyciobutanellnickel dlbromide, 2,2*-methylenebls[splro 
{(4R)-4-benzyloxazollne-5,V-cyclopentane}]nickel dibromide, 2.2'-memylenebis[splro{(4R)-4-benzyloxazollne-5,1*- 
cyclohexane}]nlckel dibromide. 2,2'-methyienebis[spiro{(4R)-4-benzy loxazoline-5. 1 '-cycloheptane}]nickel dibromide, 
and enantiomers of the above-mentioned compounds, etc. Further, compounds in which the configuration of an asym- 
metric carbon of one oxazollne ring of the above-mentioned bisoxazollne type compounds is Inverted, and compounds 
in which dibromide of these compounds is replaced with dichloride, dimethyl, dimethoxide, or bls(acetoxy), are men- 
tioned. Moreover, specif ic examples of the nickel compound Include [hydrotris(3,5-dlmethylpyrazolyi)borate]nickel chlo- 
ride, [hydrotris(3,5-dlmethylpyrazolyl)borate]nlckel bromide, [hydrotris(3,5-dimethy!pyrazolyl)borate]nickel iodide, [hy- 
drotris(3,5-dimethylpyrazolyl)borate]nlckel methyl, [hydrotris(3,5-dimethylpyrazolyl)borate]nickei ethyl, [hydrotrls 
(3.5-dlmethylpyrazolyl)borate]nlckel allyl, [hydrotrls{3,5-dimethylpyrazolyl)borate]nlckel methallyl, [hydrotris(3,5-di- 
6thylpyrazolyi)borate]nickeI chloride, [hydrotris(3,5-diethyipyrazoiyl)borate]nickel bromide, [hydrotrls(3,5-diethylpyra- 
zolyi)borate]nickel Iodide. [hydrotris(3.5-dlethylpyrazolyl)boratelnickel methyl, [hydrotrls(3,5-diethylpyrazolyl)boratel 
nickel ethyl, [hydrotris(3,5-diethyipyrazolyl)borate]nickeI allyl, [hydrotris(3,5-diethylpyrazolyl)borate]nickei methallyl. 
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[hydrotris(3,5-di-tert-butylpyra2olyl)borate]nlckel chloride, [hydrotris(3.5-dl-tert-butylpyra2olyl)borate]nickel bromide, 
[hydrotris(3,5-dl-tert-butylpyrazolyl)borateinickel iodide, [hydrotrls(3,6-dl-tert-butylpyrazolyl)borate]nlckel methyl, [hy- 
drotrls(3.6-dl-tert-butylpyrazolyl)borate]nlckel ethyl, [hydrotris(3,5-di-tert-butylpyrazolyl)borate]n(ckel allyl, [hydrotris 
(3,5-dl-tert-butylpyra2olyl)borate]nickel methallyl, and compounds indicated by the structural fonmula described 
below, etc. 




(wherein each of R'^ and is a 2,6-diisopropylph6nyl group, and X, R^ and R^^ are any one of the combination of the 
substituents represented In Table 1 described below.) 

Table 1 



R9=Rio.hydrogen atom 
X= fluorine atom 


R9=Rio=methyl group 
X== fluorine atom 


Acenaphthyl group by R® & R'*^ 
X= fluorine atom 


R9=RiO:=hydrogen atom 
X= chlorine atom 


R9=RiQ=methyl group 
X= chlorine atom 


Acenaphthyl group by R® & R^^ 
X= chlorine atom 


R9=Rio=:hydrogen atom 
X= iodine atom 


R9=:Rio=nriethyl group 
X= iodine atom 


Acenaphthyl group by R^ & R"**^ 
X= iodine atom 


R9=:Rio=hydrogen atom 
X= methyl group 


R9-Rio^rnethyl group 
X= methyl group 


Acenaphthyl group by R® & R***^ 
X= methyl group 


R9=Rio=hydrogen atom 
X= ethyl group 


R9=Rio=nnethyl group 
X= ethyl group 


Acenaphthyl group by R^ & R***^ 
X= ethyl group 


R9=Rio=hydrogen atom 
X= n-propyl group 


R9-Ri0:=rnethyl group 
X= n-propyl group 


Acenaphthyl group by R^ & R^o 
X= n-propyl group 


R9=.Rio=hydrogen atom 
X= Isopropyl group 


R9=Rio_rnethyl group 
Xs isopropyl group 


Acenaphthyl group by R® & R^<* 
X= isopropyl group 


R9=Rio=hydrogen atom 
X= n-butyl group 


R9=Rio=nnethyl group 
X= n-butyl group 


Acenaphthyl group by R^ & R'*® 
X= n-butyl group 


R9=Rio=hydrogen atom 
X= phenyl group 


R9=Rio=methyl group 
X- phenyl group 


Acenaphthyl group by R^ & R^° 
X= phenyl group 


R9=Rio=hydrogen atom 
X=: benzyl group 


R9=Rio_methyl group 
X= benzyl group 


Acenaphthyl group by R^ & 
X= benzyl group 



[0066] Further, compounds In which nickel of these compound is replaced with palladium, cobalt, rhodium or ruthe- 
nium can be similariy exemplified in the above-mentioned nickel compounds. 

[0067] Among the metal compounds represented by the general fonnula [4], specific examples of compounds in 
which the metal atom is iron include 2.6-bis-[1-(2,6-dimethylphenyllmino)ethyl]pyridinelron dichloride, 2,6-bis-[1- 
(2,6-dilsopropylphenylimino)ethyll pyridinelron dichloride, 2,6-bis-[1-(2-tert-butylphenylimino)ethyl]pyridinelron dichlo- 
ride, [hydrotris(3,5-dimethylpyrazolyl)borate]iron chloride, [hydrotris(3,5-dimethylpyrazolyl)borateliron bromide, [hy- 
drotris(3.5-dimethylpyra201yl)borate]iron iodide, [hydrotris(3,5-dimethylpyrazolyl)boratellron methyl, [hydrotris 
(3.5-dimethytpyrazolyl)borate]lron ethyl, [hydrotris(3.5-dimethylpyrazotyl)borate]iron allyl, [hydrotris(3,5-dimethylpyra- 
zolyl)borate]iron methallyl, [hydrotris(3,5-diethylpyrazolyl)borate]iron chloride, [hydrotris(3,5-diethyIpyrazolyl)borate] 
Iron bromide, [hydrotris(3,6-diethylpyrazolyl)borate]iron iodide. [hydrotris{3,5-diethylpyrazolyl)borateliron methyl, [hy- 
drotris(3,5-diethylpyrazolyl)borate]iron ethyl, [hydrotris{3,5-diethylpyrazolyl)borate]iron allyl, [hydrotris(3,5-diethylpyra- 
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zolyl)borate]iron methallyl, [hydrotris(3,5-di-tert-butylpyrazolyl)borate]iron chloride, [hydrotris(3.5-di-tert-butylpyra- 
zolyl)borateliron bromide. [hydrotrls(3,5-di-tert-butylpyrazolyl)borate]iron iodide, [hydrotris(3,5-di-tert-butylpyrazolyi) 
boratejlron methyl, [hydrotris(3.5-dl-tert-butylpyrazolyl)borate]iron ethyl, [hydrotris(3,6-dl-tert-butylpyrazolyl)borate] 
iron ailyl, (hydrotris(3,5-di-tert-butyIpyrazolyl)borate]iron methallyl, and the like. 

[0068] Moreover, compounds in which Iron of these compounds is replaced with cobalt or nickel can be similarly 

exemplified. 

[0069] Furthermore, specific examples of |i-oxo type compounds among the metal compounds represented by the 
general formula [4] Include n-oxobls[isopropylidene(cyclopentadienyl)(2-phenoxy)titanium chloride], n-oxobls[isopro- 
pylidene(cyclopentadienyl)(2-phenoxy)titanlum methoxide], p.-oxobis[isopropyiidene(cyclopentadienyl)(3-tert-butyl- 
5-methyl-2-phenoxy)titanlum chloride], ^-oxobis[isopropylidene(cyclopentadlenyl)(3-tert-butyl-5-methyl-2-ph©- 
noxy)tltanium methoxide], \l -oxobis[isopropylidene(methy!cyclopentadienyl)(2-phenoxy)titanium chloride], \l -oxobis 
[isopropyiidene(methylcyclopentadlenyl)(2-phenoxy)titanium methoxide], p.-oxobis[isopropylidene(methylcyclopenta- 
dlenyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium chloride], p. -oxobis[isopropyiidene(methylcyclopentadlenyl)(3-tert,- 
butyl-5-methyl-2-phenoxy)titanium methoxide], \i -oxobis[isopropylidene(tetramethylcyclopentadienyl) (2-phenoxy)ti- 
tanium chloride], ^-oxobis[isopropylidene(letramethylcyclopentadienyl)(2 -phenoxy)tltanium methoxide], n-oxobls[lso- 
propylidene(tetramethylcyclopentadienyl)(3 -tert-butyl-5-methyl-2-phenoxy)tltanium chloride], (t-oxobis[lsopropyll- 
dene (tetramethylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium methoxide], p-oxobls[dimethylsily!ene 
(cyclopentadienyl)(2-phenoxy)titanlum chloride], |i-oxobis[dlmethylsilylene(cyclopentadienyl)(2-phenoxy)tltanium 
methoxide], ^-oxobis[dimethylsilyIene(cyclopentadienyl)(3-tert-butyl-6-methyl-2-phenoxy)titanium chloride], p-oxobis 
[dlmethylsilylene(cyclopentadlenyl)(3-ten-butyl-5-methyl-2-phenoxy)titanium methoxide], p-oxobls[dimethylsilylene 
(methylcyclopentadienyl)(2-phenoxy)titanium chloride], ti-oxobis[dimethylsilylene(methylcyclopentadienyl)(2-phe- 
noxy)titanlum methoxide], p-oxobis[dimethylsilylene(methy!cyclopentadienyl)(3- tert-butyl-5-methyl-2-phenoxy)titanl- 
um chloride], \i -oxobis[dimethylsllylene(methylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium methox- 
ide], n-oxobis[dimethylsilylene (tetramethylcyclopentadienyl)(2-phenoxy)titanium chloride], p,-oxobis[dimethylsilylene 
(tetramethylcyclopentadienyl) {2-phenoxy)titanium methoxide], n-oxobis[dimethylsily!ene(tetramethylcyclopentadl- 
enyl) (3-tert-butyi-5-methyl-2-phenoxy)titanium chloride], ji-oxobis[dimethylsilylene (tetramethylcyclopentadienyl) 
(3-tert-butyl-5-melhyl-2-phenoxy)titanium methoxide], di-ji-oxobls[lsopropylidene(cyclopentadlenyl)(2-phenoxy)titanl- 
um], di-^l-oxobis[isopropylide^e(cyclopentadlenyi){3-tert-butyl-5-methyl-2-phenoxy)tltanium], di-^i-oxobls[lsopropyll- 
dene(methylcyclopentadienyl)(2-phenoxy)titanlum], di-|j.-oxobis[isopropylidene{methylcyclopentadienyi){3-tert43Utyl- 
5-methyl-2-phenoxy)titanium], di-^-oxobis[isopropylidene(tetramethylcyclopentadienyi)(2 -phenoxy) titanium], di-M.-ox- 
obls[isopropylidene(tetramethytcyclopentadienyl)(3 -tert-butyl-5-methyl-2-phenoxy)titanium]. dl-^-oxobls[dimethyIsl- 
lylene(cyclopentadlenyl)(2-phenoxy)titanium], di-M,-oxobls[dlmethylsilylene(cyclopentadienyl)(3-tert-butyl-5-methyl- 
2-phenoxy)titanlum],di-n-oxobis[dimethy!silylene(methylcyclopentadienyl)(2-phenoxy)titanium], di-[i-oxobis[dimethyl- 
sllylene(methyicyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titaniuml. dl-^-oxobis{dimethyisiIylene(tetramethyl- 
cyclopentadienyl) (2-phenoxy)titaniuml, di-M. -oxobls[dimethylsilylene(tetramethylcyclbpentadienyl) (3-tert-butyl-5-me- 
thyl-2-phenoxy)titanium] and the like. 

[0070] In addition to the metal compounds represented by the general fomnula [4] and the jji-oxo type metal com- 
pounds which were exemplified above, specific examples of compounds in which the metal atom is nickel In the metal 
compound (B) include nickel chloride, nickel bromide, nickel iodide, nickel sulfate, nickel nitrate, nickel perchlorate, 
nickel acetate, nickel acetylacetonate, bis(allyl)nickel, bls(1 ,5-cyclooctadiene)nickel, dichioro{1 ,5-cyclooctadiene)nick- 
el, dichlorobis(acetonitrile)nickel, dichlorobis(benzonitrile)nickel, cari3onyltris(triphenylphosphine)nickel, dichlorobis 
(triethylphosphine)nlckel, diacetobis(triphenylphosphine)nickel, tetrakis(triphenylphosphlne)nickel. dichloro[1 ,2-bls 
(dlphenylphosphjno)ethane]nickel, bls[1 ,2-bis(diphenylphosphino)ethane]nickel, dichloro[1 ,3-bis(diphenylphosphino) 
propanejnickel, bls[1 ,3-bis(diphenylphosphino)propane]nickel, tetraaminenlckel nitrate, tetrakls(acetonitrile) nickel 
tetrafluoroborate, nickel phthaiocyanine and the like. 

[0071] Similariy, specific examples of compounds in which the metal atom is a vanadium atom include vanadium 
acetylacetonate, vanadium tetrachloride, vanadium oxy trichloride and the like. 

[0072] Further, specific examples of a compound in which a metal atom is a samarium atom include bis(pentame- 
thylcyclopentadienyi)samarium melhyltetrahydrofuran and the like. 

[0073] Specific examples of a compound in which a metal atom Is an ytterbium atom Include bis(pentamethylcy- 
clopentadienyl)ytterbium methyltetrahydrofuran and the like. 

[0074] As the compound in which the metal atom is an aluminum atom, a compound represented by the general 
formula described below is mentioned: 
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R 

\ 




/ 
R 

(wherein each of R s represents a hydrogen atom, a halogen atonn, and a hydrocarbon group, they may be mutually 
the same or different, 2 or more of these may be mutually bonded, and may fomn a ring. X represents a hydrogen atom, 
a halogen atom, and a hydrocarbon group, two X's may be mutually the same or different, may be mutually bonded, 
and may form a ring.) 

[0075] These metal compounds (B) may be used alone or in combination of 2 or more. Among the metal compounds 
exemplified above, the metal compound (B) used in the present Invention is preferably a metal compound represented 
by the above-mentioned general fomnula [4]. 

[0076] Especially, a metal compound In which M is a transition metal atom in the general fonnula [4] is preferable, 
and in particular, a metal compound having at least one group having cyclopentadienyl type anion skeleton as L in the 
general formula [4] is preferable. 

(C) Organoaluminum compound 

[0077] As the organoaluminum compound of the component (C) used in the catalyst for addition polymerization of 
the present invention, known organoaluminum compound can be used. An organoaluminum compound represented 
by the^ general formula [7] described below is preferable. 

R'^bAIYa^ [71 

(wherein R*^ represents a hydrocarbon group, and all of R^'s maybe the same or different. Y represents a hydrogen 
atom, a halogen atom, an alkoxy group, an aralkyloxy group, or an aryloxy group, and b represents a number satisfying 
0 < b ^ 3.) 

[0078] As in the general fonnula [7], a hydrocarbon group having 1 to 24 carbon atoms is preferable and an alkyi 
group having 1 to 24 carbon atoms is more preferable. Specific examples thereof include a methyl group, an ethyl 
group, a n-propyl group, a n-butyl group, an isobutyl group, a n-hexyl group, a 2-methylhexyl group, a n*octyl group 
and the like, and an ethyl group, a n-butyl group, an isobutyl group or n-hexyi group is preferable. 
[0079] Further, when Y is a halogen atom, specific examples thereof include a fluorine atom, a chlorine atom, a 
bromine atom, and an iodine atom, and a chlorine atom is preferable. 

[0080] As the alkoxy group in Y, an alkoxy group having 1 to 24 carbon atoms is preferable, and specific examples 
thereof include a methoxy group, an ethoxy group, a n-propoxy group, an Isopropoxy group, a n-butoxy group, a sec- 
butoxy group, a tert-butoxy group, a n-pentoxy group, a neopentoxy group, a n-hexoxy group, a n-octoxy group, a n- 
dodecoxy group, a n-pentadecoxy group, a n-elcosoxy group and the like, and a methoxy group, an ethoxy group or 
a tert'butoxy group is preferable. 

[0081] All of these alkoxy groups may be substituted with a halogen atom such as a fluorine atom, a chlorine atom, 
a bromine atom or an iodine atom, an alkoxy group such as a methoxy group, an ethoxy group or the like, an aryloxy 
group such as a phenoxy group or the like, etc. 

[0082] As the aryloxy group in Y, an aryloxy group having 6 to 24 carbon atoms is preferable, and specific examples 
thereof Include a phenoxy group, a 2-methy!phenoxy group, a 3-methylphenoxy group, a 4-methylphenoxy group, a 
2, 3-dimethylphenoxy group, a 2,4-dimethylphenoxy group, a 2,5-dimethylphenoxy group, a 2,8-dimethylphenoxy 
group, a 3,4-dimethylphenoxy group, a 3,5-dimethylphenoxy group, a 2,3,4-trimethylphenoxy group, a 2,3.5-trimeth- 
ylphenoxy group, a 2,3,6-trimethylphenoxy group, a 2,4,5-trimethylphenoxy group, a 2,4,6-trimethylphenoxy group, a 
3.4,5-trimethylphenoxy group, a 2,3,4,5-tetramethylphenoxy group, a 2,3.4,6-tetramethylphenoxy group, a 2,3,5,6-te- 
tramethylphenoxy group, a pentamethylphenoxy group, an ethylphenoxy group, a n-propylphenoxy group, an isopro- 
pylphenoxy group, a n-butylphenoxy group, a sec-butylphenoxy group, a tert-butylphenoxy group, a n-hexyiphenoxy 
group, a n-octylphenoxy group, a n-decylphenoxy group, a n-tetradecylphenoxy group, a naphthoxy group, an anthra- 
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cenoxy group and the like. 

[0083] All of these aryloxy groups may be substituted with a halogen atom $uch as a fluorine atom, a chlorine atom, 
a bromine atom or an iodine atom, an alkoxy group such as a methoxy group, an ethoxy group or the tike, an aryloxy 
group such as a phenoxy group or the like, etc. 

[0084] As the aralkyloxy group in Y, an aralkyloxy group having 7 to 24 carbon atoms is preferable, and specific 
examples thereof Include a benzyloxy group, a (2-methylphenyl)methoxy group, a (3-methylphenyl)methoxy group, a 
(4-methylphenyl)methoxy group, a (2,3-dimethylphenyl)methoxy group, a (2,4-dimethylphenyl)methoxy group, a 
(2,5-dimethylphenyl)methoxy group, a (2,6-dimethylphenyl)methoxy group, a (3,4-dlmethylphenyl)methoxy group, a 
(3.5-dlmethylphenyl)methoxy group, a (2,3,4-trimethylphenyl)methoxy group, a (2,3,5-trlmethylphenyl)methoxy group, 
a (2,3,6-trlmethylphenyl)methoxy group, a (2,4,5-trimethylphenyl)methoxy group, a (2,4,6-trlmethylphenyl)methoxy 
group, a (3,4,5-trimethylphenyl)methoxy group, a (2,3,4,5-tetramethylphenyf)methoxy group, a (2,3,5,6-tetramethyl- 
phenyl)methoxy group, a (pentamethylphenyl)methoxy group, an (ethylphenyl)m ethoxy group, a (n-propylphenyl) 
methoxy group, an (Isopropylphenyl)methoxy group, (n-butylphenyl)methoxy group, a (sec-butylphenyl)methoxy 
group, a (tert-butylphenyl)methoxy group, a (n-hexylphenyl)methoxy group, a (n-octylphenyl)methoxy group, a (n-de- 
cylphenyl)methoxy group, a {n-tetradecylphenyl)methoxy group, a naphthylmethoxy group, an anthracenylmethoxy 
group and the like, and a benzyloxy group is preferable. 

[0085] Alt of these aralkyloxy groups may be substituted with a halogen atom such as a fluorine atom, a chlorine 
atom, a bromine atom or an iodine atom, an alkoxy group such as a methoxy group, an ethoxy group or the like, an 
aryloxy group such as a phenoxy group or the like, etc. 

[0086] Specific examples of the organoaluminum compound represented by the general formula [7] include trialky- 
laluminums such as thmethylaluminum, triethylaluminum, tri-n-propylalumlnum, tri-n-butylaluminum. trilsobutylalumt- 
num, tri-n-hexylaluminum, tri-n-octylaluminum, and the like; dialkylaluminum chlorides such as dimethylalumlnum chlo- 
ride, diethylaluminum chloride, di-n-propylaluminum chloride, di-n-butylaluminum chloride, diisobutylaluminum chlo- 
ride, di-n-hexylaluminum chloride and the like; alkylaluminum dichlorides such as methytaluminum dichloride, ethyla* 
luminum dichloride, n-propylaluminum dichloride, n-butylaluminum dichloride, isobutylaluminum dichloride, n-hexyla- 
luminun> dichloride and the like; and dialkylaluniinum hydrides such as dimethylatuminum hydride, diethylaluminum 
hydride, di-n-propylaluminum hydride, di-n-butyfaluminum hydride, diisobutylaluminum hydride, di-n-hexylaluminum 
hydride and the like; alkyl(dlalkoxy)aluminums such as methyl(dimethoxy)aluminum, methyf(dlethoxy)aluminum, me- 
thyl(di-tert-butoxy)aluminum and the like; dfaIkyl(alkoxy)aluminums such as dimethyl(methoxy)a!uminum, dimethyl 
(ethoxy)aluminum, dimethyl{tert-butoxy)aluminum and the like; alkyl(diaryloxy)aluminums such as methyl(diphenoxy) 
aluminum, methylbis(2,6-dilsopropylphenoxy)alumlnum, mehtylbls{2,6-diphenylphenoxy)aluminum and the like; di- 
alkyl(aryloxy)aluminums such as dimethyl(phenoxy) aluminum. dimethyl(2,6-diisopropylphenoxy)aluminum, dimehtyl 
(2,6-diphenylphenoxy)aluminum and the like, etc. 

[0087] Among these, a trial kylaluminum is preferable, trimethylaluminum, triethylaluminum, tri-n-butylaluminum, tri- 
isobutylaluminum or trl-n-hexylaluminum is more preferable, and in particular, triisobutylalumlnum ortri-n-hexylaluml- 
num is preferable. 

[0088] These organoaluminum compounds may be used alone or in combination of 2 or more. 
[0089] The molar ratio of the amount used of the respective catalyst components in the present invention is not 
particularly limited, and the molar ratio of the component (A) to the component (B)((A) : (B)] Is usually from 1 : 1 to 
1 0000 : 1 , preferably from 1 : 1 to 5000 : 1 , and more preferably 1 : 1 to 1 000 : 1 . In case of using the component (C), 
the molar ratio of the compound (B) to compound (C)[(B):(C)] is usually from 0.1 : 1 to 1 : 10000, and preferably from 
1 : 1 to 1 : 1000. 

[0090] As the catalyst for addition polymerization of the present invention, a product obtained by preliminarily con- 
tacting the component (A) and the component (B). optionally, further the component (C) may be used, and they may 
be used by being separately charged in a polymerization reaction apparatus. The arbitrary two components among 
them may be preliminarily contacted, and further, the remainder component may be contacted. 
[0091] When the respective components are used as a solution, the concentration of the component (A) and the 
component (C) are usually 0.0001 to 1 00 mmol/L converted to metal atom, and preferably 0. 01 to 1 0 mmol/L, respec- 
tively. The concentration of the component (B) is usually 0.0001 to 1 00 mmolA. converted to metal atom, and preferably 
0. 01 to 10 mmol/L. 

[0092] The method of feeding the respective components in a reactor is not particularly limited. A method of feeding 
the respective components In a solid state, a method of feeding them in a state of a solution, suspension or slurry in 
which they are respectively solved, suspended, or slun^ed in a hydrocarbon solvent from which components such as 
moisture, oxygen and the like deactivating a catalyst component are removed, and the like are mentioned. 
[0093] The polymerization method should not be specifically limited. For example, there are mentioned a solvent 
polymerization or slurry polymerization in which an aliphatic hydrocarbon such as butane, pentane, hexane, heptane, 
octane or the like; an aromatic hydrocariDon such as benzene, toluene or the like; or a halogenated hydrocartDon such 
as methylene dichloride or the like is used as a solvent, a bulk polymerization in which polymerization is carried out in 
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a liquid monomer, a gas phase polymerization in which polymerization is candied out in a gaseous monomer, a high- 
pressure polymerization method In which polymerization is carried out under a supercritical liquid condition of a high 
temperature and a highpressure, etc. As polymerization fonri. either of a batch-wise type and a continuous type are 
possible. 

[0094] The polymerization temperature is usually from -1 OC^C to 350*C. preferably from -20*C to 300*0, and more 
preferably from 20*C to 300*C. The polymerization pressure is usually from 1 to 3500kg/cm2G, preferably from 1 to 
SOOOkg/cm^G, and more preferably from 1 to 2000kg/cm2G. In general, the polymerization time is appropriately de- 
termined depending on a desired polymer and a reaction apparatus, and is usually 1 minute to 20 hours can be adopted. 
[0095] As monomers which can be used, either of olefins having 2 to 100 carbon atoms, diolefins, alkenylaromatic 
hydrocarbons and polar monomers can be used , and two or more monomers can also be used, simultaneously. Specific 
examples of thereof include olefins such as ethylene, propylene, l-buterie, 1-pentene, 4-methyl-1-pentene, 5-methyl- 
1 -hexene, 1 -hexene, 1 -heptene, 1 -ctene, 1 -nonene, 1 -decene, vinylcyclohexane and the like; diolefins such as 1 ,5-hex- 
adiene, 1 ,4-hexadlene, 1 ,4-pentadiene, 1 ,7-octadlene, 1 ,8-nonadlene, 1 ,9-decadiene, 4-methyl-1 ,4-hexadlene. 5-me- 
thyl-1,4-hexadiene, 7-methyl-1 ,6-octadiene, 5-ethylldene-2-norbomene, dk:yclopentadiene. 5-vlnyl-2-norbomene, 
6-methyl-2-norbornene, 1 .5-cyclooctadlene. 5,8-endomethylenehexahydronaphthalene. 1 ,3-butadiene. isoprene, 

1 .3- hexadiene, 1 ,3-octadiene, 1 ,3-cyclooctadiene, 1 ,3-cyclohexadlene and the like; cycllcolefins such as norbomene, 
5-methylnoriDornene, 5-ethylnort3omene, S-butylnoriaornene, S-phenylnorbomenej 5-benzylnorbornene, tetracyclodo- 
decene, tricyclodecene, tricycloundecene, pentacyclopentadecene, pentacyclohexadecene, 8-methyltetracyclodo- 
decene, 8-ethyltetracyclododecene. 5-acetylnoribornene, 5-acetyloxynorbornene, 5-methoxycari3onylnorbomene, 
5-ethoxycarbonylnorbornene, 5-methyl-5-methoxycarbonylnorbomene, 5-cyanonorbomene, 8-methoxycarbonyltetra- 
cyclododecene, 8-methyl-8-tetracyclododecene, 8-cyanotetracyc!ododecene and the like; alkenylbenzenes such as 
styrene, 2-phenylpropylene, 3-phenylpropylene and the like; alkylstyrenes such as p-methylstyrene, m-methylstyrene, 
o-methylstyrene, p-ethylstyrene, m-ethylstyrene, o-ethylstyrene, 2,4-dimethylstyrene, 2,5-dimethylstyrene, 

3.4- dimethylstyrene, 3,5-dlmethyIstyrene, 3-methyl-5-ethylstyrene, p-tert-butylstyrene, p-sec-butylstyrene and the like; 
bis(alkdnyl)benzenes such as dtvinylbenzene and the like; alkenylaromatic hydrocarbons such as alkenylnaphthalenes 
and the like such as 1 -vinylnaphthalene and the like; polar monomers such as a,p -unsaturated carboxylic acids such 
as acrylic acid, methacrylic acid, fumaric acid, maleic anhydride, itaconicacid, itaconic anhydride, bicyclo(2,2,1)-5-hep- 
tene 2,3-dicartDoxyllc acid and the like, and metal salts thereof such as sodium, potassium, lithium, calcium and the 
like; a.p -unsaturated cartaoxylic acid esters such as methyl acrylate, ethyl acrylate, n-propyl acrylate, isopropyl acrylate. 
tert-butyl acrylate, 2-ethylhexyl acrylate, methyl methacrylate, ethyl methacrylate, n-propyl methacrylate, isopropyl 
methacrylate, n-butyl methacrylate, isobutyl methacrylate and the like; unsaturated dlcart30xylic acids such as maleic 
acid, Itaconic acid and the like; vinyl esters such as vinyl acetate, vinyl propionate, vinyl capronate, vinyl caprate, vinyl 
laurate, vinyl stearate, vinyl triftuoroacetate and the like; p-unsaturated carboxylic acid glycidyl such as acrylic acid 
glycidylate, methacrylic acid glycidylate, itaconic acid glycidylate and the like; etc. 

[0096] The present invention can be applied to homopolymerization or copolymerization of these monomers. Specific 
examples off the monomer constituting the copolymer include ethylene-propylene, ethylene-1-butene, ethylene-1 -hex- 
ene, propylene- 1-butene and the like, but the present invention should not be limited to these. 
[0097] In order to control the molecular weight of a polymer, a chain transfer agent such as hydrogen or the like can 

be. added. 

[0098] The catalyst for addition polymerization of the present invention is particularly suitable as a catalyst for olefin 
polymerization. The olefin polymer is preferably a copolymer of ethylene with an a-olefin, particulariy ana-olefin having 
3 to 20 carbon atoms, and specifically, a linear low density polyethylene (LLDPE) is preferable. 
[0099] The present invention is further illustrated In detail according to Examples and Comparative Examples below, 
but the present invention is not limited thereto. 

[0100] The measurement values of respective items in Examples were measured according to methods described 
below. 

(1) The content of a-olefin unit in a copolymer was determined from the characteristic absorption of ethylene and 
a-oIefin using an infrared spectrometer (FT-IR7300, manufactured by NIPPON BUNKO Inc.) and was represented 
as a short-chain branch (SCB) number per 1000 carbon atoms. . 

(2) Intrinsic viscosity ([t|]): 

It was measured at 135^0 in a tetralin solution using an Ubbelohde viscometer. 

(3) Molecular weight and molecular weight distribution: 

They were detemriined under the under-mentioned conditions according to a gel pemieatlon chromatography 
(GPC). Calibration curve was prepared using a standard polystyrene. Molecular weight distribution was evaluated 
by a ratio (Mw/Mn) of weight average molecular weight (Mw) to number average molecular weight (Mn). 

Equipment: 150C type, manufactured by Milipore Waters Co., Ltd. 
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Column: TSK-GEL GMH-HT; 7.5 x 600 x 2 columns 
Measurement temperature: 140'C 
Solvent: O-dichlorobenzene 
Measurement concentration: 5 mg/5 ml 

5 

Example 1 

[0101] After drying under vacuum an autoclave having an inner volume of 400ml equipped with a stirrer and replacing 
with argon, 1 90ml of cyclohexane as a solvent and 1 0mI of 1 -hexene as a comonomer were charged and the autoclave 

10 was heated to 70*C. After the heating, ethylene was fed while adjusting at an ethylene pressure of 6kg/cm2. After the 
system was stabilized, 0.25mmoi of triisobutyfaiuminum was charged, successively. 1 .0^l mol of ethylenebis{indenyl) 
zirconium dichlorlde was charged, further. 86.5mg (101 \irr\o\) of the complex A having the under-mentioned structure 
was charged, and polymerization was started. The polymerization was carried out for 30 minutes. 
[0102] As a result of the polymerization, 18.6g of an ethylene-1 -hexene copolymer was obtained. Polymerization 

IS activity was 3.7x 1 0^g/mol/h.. SCB was 1 9.37. [nl was 1 .29dl/g, Mw was 88000. and Mw/Mn was 2.6. 



Complex A: 
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manufactured by Aldrich Co., Ltd. 

[0103] The orbital coefficient of the valence p-type atomic orbital was 0.879, and the orbital energy was 0.0035. 
35 [0104] The calculation was carried out as follows: A calculation method called as B3LYP of the calculation of density 
functional method was used for the complex A. the complex B and Zn(OC6F5)2. and the combinations of base functions 
called as 3-21 G which is stored in a program were used for the atomic orbitals of the respective atoms. The result of 
Table 1 was obtained by calculating them according to the density functional method using a planar structure calculated 
by molecular dynamics calculation. 

40 

Example 2 

[0105] After drying under vacuum an autoclave having an Inner volume of 400ml equipped with a stirrer and replacing 
with argon. 1 90ml of cyclohexane as a solvent and 1 0ml of hexene-1 as a comonomer were charged and the reactor 
45 was heated to 70*C. After the heating, ethylene was fed while adjusting at an ethylene pressure of 6kg/cm2. After the 
inside of system was stabilized, 0.25mmol of triisobutylaluminum was charged, and successively. 77.1 mg {89.7jimoO 
of the complex A used in Example 1 was charged. After stirring for 30 minutes, 1 .0 ^imol of ethylenebis(indenyl)zirco- 
nium dichlorlde was charged, and polymerization was carried out for 30 minutes. 

[0106] As a result of the polymerization, 20.79g of an ethylene-1 -hexene copolymer was obtained. Polymerization 
50 activity was 4.2X 1 0'^^mo\i\\, 

Example 3 

[0107] • Polymerization was carried out in the same manner as in Example 1 except that 84.6mg (97.7p.mol) of the 
55 complex B having the under-mentioned structure in place of the complex A In Example 1 was used. 

[0108] As a result, 2.46g of an ethylene-hexene-1 copolymer was obtained. Polymerization activity was 4.9x 1 0^g/ 
mol/h., [ill was 1 .28dl/g, Mw was 73000. and Mw/Mn was 1 .9. 
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Complex B: 



5 



10 




manufactured by Aldrlch Co. .Ltd. 

[01091 The orbital coefficient of valence p-type atomic orbital was 0.773.and the orbital energy was 0.0049. The 
calculation was carried out In the same manner as in the complex A as above. 

20 

Comparative Example 1 

[01101 Polymerization was carried out in the same manner as in Example 1 except that the polymerization was 
carried out by using 75.2mg (87.5^lmoi) of the complex A and not using ethylenebls(indenyl)zirconlum dichloride, In 
25 Example 1 . As a result, the fomnation of a polymer could not be confimned. 

Comparative Example 2 

[01 1 1 1 Example 3 was repeated except that Complex C in which Zn metal atom of the complex B was replaced with 

30 Cu atom was used. 

[01121 As a result of the polymerization, only trace amount of a polymer was obtained. 

Complex C: the orbital coefficient of valence p-type atomic orbital was 0.852,and the orbital energy was 0.0093. 
The calculation was carried out in the same manner as in the complex A as above. 

[01131 As described above in detail^ according to the present invention, a catalyst component for addition polymer- 
35 ization providing a catalyst for addition polymerization revealing a high polymerization activity and a catalyst for addition 
polymerization and an efficient process for producing an addition polymer using the catalyst for addition polymerization 
are provided. 



40 Claims 

1. A catalyst component for addition polymerization comprising a compound (A) containing an atom of Groups II to 
XII or the Lanthanide series of the Periodic Table of the Elements in which the lowest energy level of an urioccupled 
molecular orialtal having the valence p-type atomic ort^ital of the atom of Groups II to XII or the Lanthanide series 

45 ' as a main component (wherein the coefficient represented by a linear combination is 0.4 or more) is calculated to 
be 0.008 atomic unit (Hartree) or less by the density functional calculation method {B3LYP/3-21G level). 

2. A catalyst component according to claim 1 , wherein the compound (A) is a porphyrin or phthalocyanine complex 
in which the metal atom of Groups It to XII or the Lanthanide series is coordinated. 

50 

3. A catalyst component according to claim 2. wherein the compound (A) is a compound of fonmula [1]: 



55 
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[1] 
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30 



Wherein M represents an atom of Groups II to XII or the Lanthanlde series of the Periodic Table, T represents an 
atom of Group XIV or XV of the Periodic Table, and the Ts may be the same as or different from each other, 
and R2 each Independently represent a hydrogen atom, a halogen atom, a hydrocarbon group or a halogenated 
hydrocarbon group, and the R^'s and R2*s may be the same as or different from each other, and may together forni 
a ring, X represents a hydrogen atom, a halogen atom, a hydrocarbon group or a hydrocarbon oxy group, and 
when a plural number of X's exist, they may be the same as or different from each other, and m represents a 
valence of M. 

4. A catalyst component according to claim 3. wherein at least one of R^ and R2 is an electron-withdrawing group. 

5. Acatalyst component according to claim 4. wherein the electron-withdrawing group Is afluorlne. chlorine orbromine 
atom. 

•is. A catalyst component according to claim 5. wherein the compound (A) is a compound of fonmula [2): 



35 



40 



45 



SO 




[2] 



wherein i\4 represents an atom of Groups II to XII excluding Cu, or of the Lanthanide series of the Periodic Table. 
55 X represents a hydrogen atom, a halogen atom, a hydrocarbon group or a hydrocartjon oxy group, and when a 

plural number of X's exist, they may be the same as or different from each other, and m represents a valence of IVI. 

7. A catalyst component according to any one of claims 2 to 6. wherein M is an atom of Group IX or XII. 
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8. A catalyst for addition polymerization obtainable by contacting a catalyst component according to any one of claims 
1 to 7 with a metal compound (B) selected from the compounds of fomiula [4]: 

5 a D 

Wherein is a metal atom of Groups III to XIII or the Lanthanide series; L is a group having a cyclopentadienyl 
type anion skeleton or a group containing a hetero atom; a plurality of L's may be linked directly, or through a 
residual group containing a carbon atom, a silicon atom, a nitrogen atom, an oxygen atom, a sulfur atom or a 
10 phosphorus atom; X is a halogen atom or a hydrocarbon group; "a" represents a number satisfying 0<a^8; and b 

represents a number satisfying 0<b^8; and p.-oxo type compounds thereof. 

9. A catalyst according to claim 8. wherein an organoaluminum compound (C) is further contacted. 

IS 10. A catalyst according to claim 8 or 9, wherein the compound (B) is a metallocene compound. 

11. A process for producing an addition polymer, which comprises polymerizing an addition polyrherlzable monomer 
in the presence of a catalyst according to any one of claims 8 to 10. 

20 12. A process according to claim 1 1 , wherein the addition polymerizable monomer is an olefin. 

13. A process according to claim 12, wherein the olefin Is a mixture of ethylene and an a-olefin having 3 to 20 carbon 
atoms. 
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